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A PHYSIOLOGIC ANALYSIS OF CLINICAL EDEMA 


Eric OGDEN AND ELEANORE TRIPP* 


INTRODUCTION 


Edema, that is to say a great enough accumulation of tissue 
fluid to be recognized clinically, occurs frequently and in a 
wide variety of conditions. A logical analysis of the disturbed 
mechanisms underlying any particular instance of edema must 
be based on an understanding of the local function of tissue 
fluid and the way its production and reabsorption may be 
varied. 


Tue Funcrion or Tissue Fiuip 


The statement of Claude Bernard to the effect that the 
constancy of the internal environment is the prime condition 
for free life has directed attention to the mechanisms for 
homeostasis which are developed to their highest degree in 
the mammal. 

This internal environment is the tissue fluid in which the 
cells are bathed, and the constancy of its chemical and phys- 
ical characteristics is paramount. The external environment 
of the body, particularly cold and an atmosphere not saturated 
with moisture, is constantly tending toward cooling and con- 
centrating the tissue fluid. Further, the cells themselves are 
using the materials needed for energy, growth and repair. 
These materials pass by diffusion from the tissue fluid and 
the products of cell metabolism diffuse out into it. Metabolic 
activity also tends to raise the temperature of the tissue fluid. 
The protection against these changes in the internal environ- 
ment arising from* without and within lies solely with the 
mechanism whereby this tissue fluid is constantly removed and 
replaced by a standard tissue fluid at a rate great enough to 
prevent its composition from changing significantly. 

From this point of view Bernard’s statement might be modi- 
fied to say that the normal operation of a cell is dependent 





*From the Department of Physiology, The University of Texas School 
of Medicine, Galveston, Texas. Submitted for publication September 
21, 1946. 














4 Ogden and Tripp 


upon a rapid turnover of tissue fluid in its immediate neigh- 
borhood. This makes it evident that edema, an accumulation 
of tissue fluid which may be thought of as stagnant, is in 
itself a bar to the normal working of cells. 


Disturbances of function due to edema: There is no need 
to list all the changes which edema causes in the environment 
of cells; the majority of them are not accurately known, but 
oxygen deficit may be taken as a good example. 

Since the cell depends for its oxygen supply upon diffusion 
from the tissue fluid immediately around it, a region of edema 
is a region of some degree of anoxia. Oxygen diffuses very 
slowly and is transported from the surface of the red cell to 
the active part of a tissue cell mainly by mechanical move- 
ment of the fluid in which it is dissolved and only to a limited 
extent by diffusion. Edema slows this movement and at the 
same time increases the distance through which oxygen must 
diffuse. 

These circumstances which deprive the cell of its proper 
oxygen supply deprive it similarly of its other chemical re- 
quirements and of its facilities for eliminating waste products. 

These are some of the reasons that the normal working of 
a cell is impaired in a region of edema and that edematous 
tissue is ill equipped to carry the extra load of healing. That 
edema delays healing and provides a culture medium for in- 
fecting organisms is well-known, but consideration of the 
mechanisms involved should direct attention to the wisdom: of 
using this knowledge whenever edema is found. 

Stagnation of tissue fluid also seems to favor fibrosis. Ex- 
cessive fibrous reaction is a common accompaniment of oxygen 
deficit in other conditions besides edema, for example in avas- 
cular scar tissue, in the clubbed fingers of cardiac and pul- 
monary hypoxia or in the ill-ventilated parts of an emphy- 
sematous lung. In long-standing edema of the legs, from what- 
ever cause, fibrosis further contributes to the poor healing 
ability and lowered resistance to infection. 

Pigmentation of the skin is another sign of chronic anoxia 
and edema, but the mechanism involved is not clear. The 
pathologic results of this pigmentation are unknown but it is 
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a useful physical sign suggesting a history of local anoxia with 
the probability of fibrous scar tissue beneath the pigmented 
area of the skin. 

Because of the damage it produces, edema should be elimi- 
nated whenever it is found except where there are very definite 
and important contraindications. 


THe ForMATION AND REABSORPTION OF TIssUE FLUID 


In order to proceed effectively with the elimination of edema 
it is necessary to have a clear idea of why an excess of tissue 
fluid has accumulated and this knowledge must be dependent 
upon an understanding of the normal mechanisms of forma- 
tion and removal of this fluid. 

Our knowledge of tissue fluid formation was outlined by 
Starling half a century ago and should be briefly reviewed. 
According to his hypothesis, some of the fluid of the blood 
is forced out through the capillary wall into the tissue spaces; 
and under the influence of the pressure in the tissue “space 
essentially the same material filters back into the capillaries 
in regions of lower intracapillary pressure and into the lym- 
phatics. 

The rate and direction of the flow into and out of the capil- 
lary system depend upon the balance of the forces involved 
and the ease of penetration of the filtrate through the capillary 
wall. The main force causing the outward flow is the intra- 
capillary blood pressure which varies from moment to moment 
in different parts of the capillary system. This pressure is 
determined by the ease with which blood can leave the capil- 
laries through the venules, veins and heart; the degree of 
vasodilation which allows a greater proportion of the arterial 
pressure to be delivered within the capillary; and to a very 
small extent upon the arterial blood pressure. As a result of 
catabolism, the break-down of large compounds into smaller 
ones, the filtration may be augmented by increased osmotic 
attivity outside the vessels where metabolism is vigorous. 

The pressure in the tissue spaces and the osmotic effect of 
the colloids which do not freely penetrate the capillary wall 
oppose the production of tissue fluid. The tissue pressure is 
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related to the amount of fluid formed and the space available 
for it. Where the subcutaneous fascia is tight as in the palm 
of the hand or the lumbar region a rapid rise of tissue pres- 
sure occurs when an excess of tissue fluid is formed; therefore 
these regions do not accumulate a large amount of fluid and 
show little edema. But in loose and readily distensible sub- 
cutaneous tissue like that around the eyes and on the dorsal 
surfaces of the hands much extra tissue fluid can accumulate 
with little rise in tissue pressure; and so there is little tendency 
for fluid to return to the vascular system and these regions 
become puffy in response to much smaller disturbances than 
other regions. 

The osmotic force opposing formation and increasing re- 
absorption of tissue fluid depends upon the concentration of 
protein in the plasma, especially the albumin fraction. A fall 
in plasma albumin from nutritional deficiency, albuminuria 
or plasma dilution diminishes this osmotic force and produces 
edema. 

The simplicity of the Starling-Heidenhain hypothesis makes 
it relatively easy to evaluate the immediate cause or causes 
of edema in most instances and so to guide treatment. The 
accumulation of clinical experience and recent experimental 
work strongly support this hypothesis but indicate that it does 
not give the whole story (Drinker). Although at present these 
observations cannot all be fitted together some of them may be 
considered. 

The concept of the capillary wall as completely permeable 
to non-colloids and completely impermeable to colloids is no 
longer tenable, since protein, including globulin, is constantly 
found in tissue fluid though the amounts and proportions vary 
(Drinker and Yoffey). The penetration of proteins through 
the capillary wall is determined by the calcium content of the 
plasma, the pH and oxygen tension of the plasma and prob- 
ably also of the surrounding tissue, and perhaps by certain 
ill-defined “toxic” states. Chambers and Zweifach have te- 
ported studies of the finer details of this field. Water and 
crystalloids pass mainly through the endothelial cells accord- 
ing to well-known physical principles, but the passage of pro- 
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teins and the diapedesis of cells out of the capillaries is prob- 
ably through the intercellular cement substance whose prop- 
perties are importantly modified by its chemical environment. 
Oxygen lack, lowered pH, and many of the other characteristic 
effects of metabolism apparently both dilate the capillary and 
increase its tendency to allow protein to pass. To date, experi- 
ments have not clearly separated these two phenomena which 
always occur together in nature. 

Unfortunately the clearest picture of this phase in physiology 
has been obtained in the frog, an animal which is known to 
differ markedly from man with respect to the mechanics of 
its blood and lymph flow, the physico-chemical composition 
of its fluids and its general mechanisms for regulating its in- 
ternal environment. At this time it seems unwise to draw 
a line between the normal behavior of the cell boundaries of 
the capillary and behavior which should be considered patho- 
logic. 

The same considerations are important in the reabsorption 
as in the formation of tissue fluid; but the larger particles, 
cells, debris, and probably protein molecules do not reénter 
the capillary but are returned to the blood stream by the lym- 
phatic route after filtration and selective tein in the 
lymph nodes. 


PxuysioLtocic CHANGEs CAausING EDEMA 


Treatment and control of edema, as of all conditions, must 
be directed principally to the fundamental cause when this 
is known; symptomatic treatment may be used as a supple- 
ment and for its immediate effect. The disturbed mechanisms 
causing edema may be classified as protein dilution, raised 
intracapillary pressure, and toxic dilatation of the capillaries 
with increased capillary permeability. Lymphedema calls for 
separate discussion. In most clinical edematous states several 
of these causes are operating. . 


Edema caused by lowered plasma proteins: A lower concen- 
tration of plasma proteins diminishes the colloidal osmotic 
pressure within the capillary, thus favoring an increased for- 
mation of tissue fluid and diminishing the principal force 
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causing tissue fluid absorption. In this respect the albumin 
molecules, being of small molecular weight, are more osmoti- 
cally active per gram of protein than are the globulins. Thus 
the albumin-globulin ratio must be regarded as important. 

Edema with lowered plasma protein or disturbed albumin- 
globulin ratio must first be controlled by stopping the loss of 
plasma proteins which may be caused by hemorrhage, al- | 
buminuria, formation of ascitic or pleuretic fluid or by the 
loss of serum from surface exudates in burns or other extensive 
skin lesions. Whether the protein deficiency in the plasma 
arises from such losses or from nutritional or metabolic causes, 
protein should be immediately replaced by plasma transfu- 
sions, casein digests, or high protein food supplements as may 
be indicated in any individual case. The metabolic causes of 
diminished plasma protein are rarely susceptible of clear 
diagnosis and rational therapy but more usually improvement 
of the general health of such patients coincides with the rise 
of their plasma proteins to normal levels. 

The plasma protein concentration, which is readily com- 
puted from the specific gravity measured on one drop of blood, 
is normally about 6-8%. When this falls to 5% in experi- 
mental animals edema appears and when the plasma protein 
level falls as low as 4% it is rarely possible to check the edema 
formation except by rapid intravascular infusion of large quan- 
tities of concentrated plasma. Experimental animals generally 
begin to recover from edema when the plasma proteins rise 
to this critical value of 5% whether as a result of intravenous 
treatment or of spontaneous regeneration of proteins by the 
liver. These experiments coincide very closely with the clinical 
observations om edematous patients when low plasma protein 
seems to be the sole cause of edema. 

For these reasons it is wise to follow the plasma protein 
level closely in patients who are losing protein or who are 
likely to be deficient. In this way it is often possible to increase 
the vigor of treatment as the critical level is approached and 
to prevent or control edema. Lowering of plasma proteins is 
the principal or sole mechanism of edema formation in all 
edema of renal origin with the exception of acute glomerulo- 
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nephritis. In this disease the early accumulation of edema 
fluid of high protein content at a time when the plasma pro- 
tein content is high suggests a change in the capillary perme- 
ability to protein and that the albuminuria is simply another 
expression of this wide-spread change. 

In the strictly nutritional edemas proper care must include 
not only the emergency provision of proteins but the chemical 
stimulation and subsequent education of a proper appetite and 
feeding schedule and careful advice on the adjustments neces- 
sary to satisfy the nutritional requirements within the patient’s 
means. 


Edema from raised intracapillary pressure: Raised intra- 
capillary pressure produces edema directly by. raising the filtra- 
tion pressure and increasing the amount of tissue fluid formed 
while at the same time raising the pressure which opposes the 
return of tissue fluid into the vascular system. The passive 
dilatation of capillaries which commonly accompanies raised 
capillary pressure increases the total surface through which 
tissue fluid formation takes place. 

The commonest type of edema is due to increased capillary 
pressure arising from venous obstruction. This may be dimin- 
ished by elevation of the part, by rest and by local cooling. 
The surgical care of obstructions as in varices, pelvic disease, 
axillary metastases, and the medical care of the obstruction 
which a failing heart offers to the return of blood represent 
fundamental treatments of the cause of such edema. 


Toxic edema: Many chemical substances increase the per- 
meability of the capillary and thus produce edema. These may 
be classified as extrinsic chemical poisons, products of tissue 
metabolism, and products of bacterial metabolism. Loss of 
function of a capillary always involves both dilatation and in- 
crease in permeability and critical experiments have failed to 
produce either phenomenon by itself. 

Toxic derangements in organs other than the capillary may 
produce secondary edema; thus many toxic or infective kidney 
diseases by allowing the loss of protein produce edema which 
is indistinguishable in its mechanism from other edemas asso- 
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ciated with low plasma protein concentration. Whether neph- 
ritic edema is usually associated with a change in capillary 
permeability other than in the kidney is still uncertain. 

Ingestion of abnormal amounts of sodium chloride and cer- 
tain toxic states appear to cause water to go from the blood 
into the subcutaneous tissue rather than out through the kid- 
neys. This condition is spoken of as “pre-renal deviation. of 
water” and is found both normally and clinically in the pres- 
ence of kidneys which are demonstrably capable of a proper 
excretion of both salt and water. 

The treatment of toxic edema is unsatisfactory. Where there 
is an active bacterial process attempts to eliminate the source 
of infection by serological, chemotherapeutic or physical thera- 
peutic methods are logical. 


The emergency treatment of the edema itself in these cases 
is also unsatisfactory. Various diuretics are used to promote 
elimination of fluid through the urine, limitation of water and 
salt intake has been advocated and some attempts have been 
made to help the situation by substituting potassium for sodium 
as the base in all electrolytes taken in the food. In this con- 
nection hazards arising from the pharmacological action of 
potassium on the heart and perhaps the capillaries must be 
kept in mind. This is more fully discussed under the heading 
“Edema from renal diseases.” The interrelationship between 
the water conserving activities of the pituitary gland and the 
salt regulating properties of the adrenal cortex probably play 
a role in the retention of salts characteristic of toxic edema 
but it has not been possible to use this information effectively 
in treatment. 


CoMMONER TyYPEs OF EpEMA Founp CLINICALLY 


The rational approach to any case with edema depends on 
an understanding of the three physiological derangements 
which underlie all edema. These are: raised intracapillary 
pressure, increased capillary permeability, and lowered protein 
concentration in the plasma. Since almost every instance of 
edema involves more than one of these causes it seems worth- 
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while to analyze some of the commoner types of edema in 


this light. 


Varicose Edema: The reversed flow of blood in the super- 
ficial veins of the patient with varices raises the pressure in 
the venules, obstructs the egress of blood from the capillaries 
and thus raises the intracapillary pressure causing edema. At 
first this is edema from raised filtration pressure in a com- 
pletely uncomplicated form. It is however early and impor- 
tantly complicated by the change in permeability of the capil- 
laries which results from stagnant anoxia (Barcroft) within 
the vessels and from the tissue anoxia which the edema pro- 
duces. A further contributing cause of varicose edema is found 
when thrombophlebitis or an infected ulcer complicates the 
picture by introducing marked arteriolar dilatation and some 
lymphatic obstruction. 


The treatment of varicose edema has been on a rational 
basis for a long time. Attempts are made to diminish the 
venous stagnation and high intracapillary pressure by surgical 
or injection methods of interrupting the vessels believed to be 
causing the backflow. Rest with elevation lowers the intra- 
‘ capillary pressure and allows the edema fluid to gravitate 
away from the area it has already damaged. Many attempts, 
of which the Unna paste boot is the best-known, have been 
made to eliminate varicose edema by raising the tissue pres- 
sure and thus favoring reabsorption. One of the most success- 
ful of these techniques is the application of a tight non-disten- 
sible adhesive tape to the leg. This procedure has recently 
been described in detail by Ogden and Sherman. 


Cardiac Edema: The heart which fails to force into the 
arterial system all the blood which is presented to its right 
atrium but allows some of it to accumulate on the venous side 
is producing a generalized obstruction to the venous return. 
This prevents the proper emptying of the capillaries and starts 
edema just as in varicose edema and with the same possi- 
bilities for the development of local anoxia. Cardiac edema, 
however, differs from varicose edema in that, being far more 
widespread, the possibilities for complicating factors are greater. 
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Pulmonary congestion leads to relative arterial anoxia and 
this accentuates the anoxia effects throughout the body. Anoxia, 
raised venous pressure, and perhaps a reflex vasoconstriction 
result in a failure of the kidney to form urine adequately and 
in a leakage of protein as albuminuria. The loss of protein 
and tendency to retain salts and water add to the edema- 
producing potential and: perhaps some other substances which 
the kidney fails to excrete may further increase the permea- 
bility of capillaries in other tissues. 


Inflammatory edema: The cause of inflammatory edema is 
two-fold. The break-down products of injured tissue, the prod- 
ucts of infective agents and the metabolic products rapidly and 
continuously produced during the healing process cause the 
intense arterial and capillary dilatation characteristic of in- 
flammation. These conditions tend to produce tissue fluid 
rapidly and so help to bring defense and repair materials to 
the source of inflammation. But they are apt to overload the 
facilities for the reabsorption which may be already impaired 
by the thrombus formation and hemoconcentration found in 
inflammation. 

Certain special considerations arise in the treatment of in- 
flammatory edema. The resolution of the inflammation or the 
removal of its cause will be followed by the subsidence of 
edema but in the presence of an active inflammatory agent 
attempts made to reduce edema are often contraindicated. 

No simple means have been devised for hastening the ab- 
sorption of tissue fluid from inflamed areas except through 
the judicious application of heat; in well-limited inflammation, 
gentle massage may sometimes help. The other way, an at- 
tempt to reduce edema by diminishing the rate of tissue fluid 
formation, is suspect when metabolic demands are high. Inci- 
sions for drainage of pus which commonly extend into the 
surrounding inflamed areas help to reduce edema by allowing 
the excess fluid to exude from the cut surfaces. The resulting 
diminution of tissue pressure allows the rapid formation of 
tissue fluid and flushes out that which has stagnated. This 
procedure is often helped by the use of agents such as mag- 
nesium sulfate and glycerin which promote the outward flow 
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of fluid from broken surfaces. There are many chemical hy- 
drophile compounds, for instance wheat gluten, which will 
fix large quantities of watery fluids; the use of these com- 
pounds in the promotion of drainage has not yet received ade- 
quate trial. Yet another way to promote the absorption of 
tissue fluid and lessen edema, a method discussed in connection 
with varicose edema, is the application of tight dressings to 
raise the tissue pressure and thus facilitate the return of the 
fluid to the blood stream and promote a rapid turnover. The 
use of pressure in inflammatory conditions is open to a number 
of objections which are in some instances paramount; but this 
method ‘has been recently used with success by Koch in the 
treatment of burns and by Trueta in other inflammatory con- 
ditions. 


Edema from burns and frostbite: Edema after burns and 
frostbite is in many respects the same as inflammatory edema. 
The principal disturbance here is a marked arteriolar dilata- 
tion delivering blood at high pressure to the capillaries. The 
direct damage to the capillary by heat or cold and probably 
secondary chemical effects of the products of tissue destruction 
cause these capillaries to dilate and increase their permeability. 
It has been suggested that the pain in these conditions may 
contribute to the raised intracapillary pressure and rapid 
edema formation by a reflex sympathetic constriction of the 
veins. The rapid rate of exudation of fluid from the capillaries 
tends to block the capillaries with red cells. The breach in 
the skin or blister formation allows fluid to seep out from 
among the cells, lowers the tissue pressure and thus increases 
the local exudation and red cell accumulation. Secondary in- 
fection of burned tissue, which leads to disastrous systemic 
effects, produces local inflammation which accentuates the 
original injury. 


Experimental studies by Montgomery on the rabbit’s ear, 
an organ which closely resembles the human extremity in the 
structure, function, and mechanism of its vascular system, 
throw interesting light on edema of the extremities from burns. 
The two ears of a rabbit were simultaneously scalded and one 
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was immersed in running water at 18° C. The ear subjected 
to cold water produced noticeably less edema or none at all. 
The theoretical explanation of this, on which, however, no 
critical tests have been published, is that the cold water pro- 
duces a marked contraction in the arteries of the ear and thus 
by protecting the affected capillaries against the delivery of 
the fuil aortic pressure diminishes the rate of edema forma- 
tion. This seems a logical way for preventing edema in burns 
and in fact the healing of the ears thus treated was better than 
of the untreated ears. 

That cool, but not freezing, temperatures will maintain 
arteriolar constriction even im the face of powerful dilating 
influences may well be important in the production of “im- 
mersion foot.” This is an edematous condition known pre- 
viously as “trench foot” but rediscovered during the war of 
1939-45 and results from the prolonged immersion of the feet 
in cold though not necessarily freezing water (Ungley and 
Blackwood). The effect is most pronounced when the feet 
are constricted by tight shoes, boots or puttees. The clinical 
signs are gross edema, marked vasodilation, severe pain and 
after removal of the cold water and constricting footwear an 
intense and general dilatation of the blood vessels in the af- 
fected extremity lasting for weeks. It is possible that these 
symptoms result from extreme vasoconstriction which might 
keep the oxygen supply to the extremities so low as to produce 
edema by poisoning the capillaries from oxygen lack. 

The treatment of all the conditions discussed in this section 
is highly controversial and is directed by considerations other 
than control of edema but it is significant that the treatment 
most strongly advocated for immersion foot is the exposure 
of the extremity to a continuous blast of cold dry air. This 
would tend to reduce the intracapillary pressure in the affected 
capillaries. The extremity is also elevated to remove the edema 
by gravity. In the modern treatment of burns a raising of the 
tissue pressure by plaster (Trueta) or by tight bandages 
(Koch) has been advocated; and the vigorous attempts usually 
made to raise the plasma volume by an infusion which is nec- 
essary to maintain the circulation against shock must also 
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help to some extent by maintaining the circulation and favor- 
ing the absorption of tissue fluid in areas where the blood was 
previously stagnant. 


Edema from renal diseases: Acute glomerulo-nephritis shows 
many signs which indicate that it is a manifestation of acute 
generalized toxemia. Often this is of streptococcal origin and 
shows as do many other streptococcal diseases acute onset with 
marked fever, rapid recovery from the acute process with a 
delayed repair of the damage done during the disease and a 
liability to subsequent disease in the damaged organs. The 
tendency for the capillaries to leak in streptococcal diseases 
is fairly well recognized and in acute glomerulo-nephritis this 
is shown by the early onset of localized edema, by proteinuria 
and by the appearance of blood in the urine. This general 
picture makes it clear that the toxic changes in the capillaries 
are the primary cause of the edema in this disease and in the 
simple uncomplicated case they are probably the only cause 
since.in spite of the raised arterial pressure there is no evidence 
that intracapillary pressure is usually raised nor does the 
plasma protein concentration commonly fall to the critical 
level. 

Other renal diseases, however, are more complicated in the 
mechanism of the production of edema. The appearance of 
edema in chronic renal diseases usually runs parallel in time 
and intensity with the fall in plasma protein level which re- 
sults from loss of protein in the urine. 

As the chronic renal diseases progress other factors appear. 
The renal excretory failure probably tends to allow water to 
accumulate and also allows the accumulation of potassium and 
perhaps other “uremic” products which are toxic. How far 
these substances affect the permeability of the capillaries is 
unknown but they may contribute to edema in this way. Cer- 
tainly in renal failure whether from kidney disease or cardiac 
insufficiency the plasma potassium levels are liable to go high 
enough to impair the action of the heart (Keith, Burchell and 
Boggenstoss) and thus to introduce an element of venous back 
pressure and raised capillary pressure. This sequence of 
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events is not obvious in clinical examination of the heart or 
veins until the diease is very far advanced but it seems likely 
that such changes though of a degree too small to measure 
may exert an influence on the production of edema since they 
are operating on all the capillaries of the body continuously 
over months and years. 

Another complication in the progress of renal disease is the 
occurrence of hypertension. When hypertension occurs there 
are two possibilities for it to contribute to edema though their 
significance is difficult to evaluate and edema is not a promi- 
nent sign in hypertension without renal impairment. The 
vasoconstriction which is probably an essential feature in the 
production of hypertension may produce zones of relative 
anoxia and in these zones the capillaries may be expected to 
be more permeable. The increased load on the heart which 
sometimes progresses to produce heart failure and death must 
more commonly produce a sufficient degree of venous obstruc- 
tion to contribute to edema formation. The significance of this 
factor, however, should be somewhat discounted since the back 
pressure and edema formation occur first in the pulmonary 
bed where recognition of relatively low grades of edema and 
congestion is easy. This factor, therefore, can usually be 
differentiated from factors producing systemic edema. 

A number of studies have been made in an attempt to dif- 
ferentiate the pathologic physiology of edema as seen in various 
renal diseases but the above discussion is intended to collect 
together those factors which seem to be generally applicable 
to all renal impairment, primary or secondary, with the excep- 
tion of the early phase of acute glomerulo-nephritis. 


Eclampsia: The production of an abnormal “toxic” sub- 
stance or some other derangement of the normal chemical 
functions of the placenta is the probable cause of the edema. 
Although there is no agreement as to the mechanism of 
eclamptic edema there is evidence to suggest that interference 
with the normal distribution of water and electrolytes and 
with the normal elimination by the kidney produces edema 
by the diversion of water and salts into the tissue spaces rather 




















A Physiologic Analysis of Clinical Edema 17 


than into the urine. On the other hand control of the intake 
of water or protein does not uniformly decrease the edema of 
the eclamptic patient but a rigid limitation of sodium chloride 
intake usually does so. This suggests that the key to this edema 
may be a deviation of sodium chloride and that the water 
merely follows the osmotic gradient passively. 

The mechanism of this pre-renal deviation is unknown and 
must therefore be labeled toxic. It may be initiated by injec- 
tion of vasopressin (postpituitary extract) into man and ani- 
mals. Anselmino and Hoffman believed this substance to be 
an important part of the cause of eclampsia but subsequent 
workers have found evidence against this. More recently 
Shockaert and Lambillon have claimed that the pre-eclamptic 
woman is abnormally sensitive to the vascular effects of vaso- 
pressin. 

In the pre-eclamptic state the increased pelvic tension and 
the very large vascular shunt through the uterine blood vessels 
must contribute to the formation of edema in the lower ex- 
tremities as in fact they do in every pregnancy but in spite 
of the high incidence of eclampsia in women of particular 
body build, attempts to explain eclampsia on a mechanical 
basis have all been unsuccessful. Although edema and vas- 
cular changes are generalized in eclampsia, the prominence 
of the symptoms of intracranial edema are so important that 
one must look for some generally acting toxin (Page and 
Ogden). 

Production of secondary edema as discussed under the head- 
ing of kidney disease may also occur during eclampsia and 
pre-eclampsia but since these conditions last for months rather 
than years the secondary effects are of less importance. Resid- 
ual damage to the kidney after a toxic pregnancy may lead 
to delayed edema but for the purposes of this analysis this 
should be regarded as edema due to renal disease. 


Edema during pregnancy: The nutritional, endocrine and 
hemodynamic alterations which constitute a part of normal 
pregnancy profoundly affect all edema producing situations. 
Willard R. Cooke has recently analyzed this aspect of the 
matter with his usual skill. 
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Angioneurotic edema and allied states: The conditions which 
produce edema cause accumulations of fluid which take on 
special characteristics in different regions of the body. Col- 
lections of fluid in the serous cavities and edema of the lungs 
are in essence similar to the edema elsewhere. The special 
conditions in these locations have led to a highly specialized 
literature in this field which will not be further discussed here. 

In the skin and subcutaneous tissue edema may take on 
unusual appearances according to its exact location, distribu- 
tion and the size of the affected area. Some of these are mos- 
quito bites, urticaria, giant urticaria, angioneurotic edema and 
herpes. These all involve capillary dilatation, increased capil- 
lary permeability and arteriolar dilatation. The vascular 
changes may be the result of local chemical stimuli or may 
be mediated by the nervous system. 

The hard wheal of a mosquito bite results from the out- 
pouring of tissue fluid into a region of high tissue pressure be- 
cause of the poisoning of the capillaries and reflex dilatation 
of the arterioles. This phenomenon was carefully investigated 
by Sir Thomas Lewis in his classical studies of the triple re- 
sponse of the skin to injury. 

A similar reaction occurs more superficially in herpes and 
produces vesiculation. Here the stimulus seems, in part at 
least, to be antidromic vasodilator impulses which cause ar- 
teriolar dilatation and perhaps also capillary distention and 
increased permeability. 

In giant urticaria and angioneurotic edema it is often diffi- 
cult to separate a toxic (allergic or bacterial) factor from a 
psychogenic factor; but in any case these lesions are produced 
by localized capillary and arteriolar dilatation at different 
depths from the surface produced by chemical and nervous 
influences in varying proportions. ‘ 


Understanding of these kinds of skin edema is limited by 
the dearth of exact experimental work in the field, but atten- 
tion should be paid to the fundamental resemblance between 
simple edema and a wide variety of cutaneous lesions. 
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Lymphedema: Obstruction of the lymphatics may occur 
through the growth of malignant cells deposited in a lymph 
node, through pressure on the lymphatics from without or 
from the results of either acute or very slow inflammatory 
processes in the lymph nodes or in the main lymphatic chan- 
nels. Experimental evidence shows very free exchange of 
fluid between the lymph vessels and the tissue spaces so that 
they behave physiologically as open-ended vessels. Some 
authors regard the composition of lymph as identical with 
that of tissue fluid. 

The lymphatics are, however, very richly equipped with 
valves and therefore fluid once having moved into lymphatic 
vessels can progress only centrally. Obstructed lymphatic ves- 
sels become distended with fluid whose location is strictly fixed 
by lymphatic valves and gives the tissue the hard brawny 
feeling of non-pitting edema. Obstructive lymphedema disap- 
pears rapidly if its cause is removed; but lymphedema from 
chronic inflammation is highly refractory to treatment. Acute 
lymphatic infection is occasionally followed years after it has 
become quiescent by obstinate lymphedema. Although the 
fluid in lymphedema is fixed and cannot be moved by the pit- 
ting test, firm pressure for a long time on an area with lymph- 
edema will cause the excess lymph to move on and thus reduce 
the edema at least while the pressure is maintained. This 
treatment has its place in elephantiasis and other lymphedema 
of the leg since reduction of the weight of the leg is useful 
and perhaps the removal of stagnant fluid leads to the cessa- 
tion of the production of fibrous tissue or even to its absorp- 
tion. More radical treatment of lymphedema has met with 
indifferent success. Neither the Kondoleon operation which 
aims at the removal of large masses of lymph-bearing sub- 
cutaneous tissue nor the surgical establishment of alternative 
lymph channels around regions of obstruction have proved 
thoroughly effective even in the hands of the most successful 
surgeons. Acute inflammatory conditions affect the lymphatics 
as other vessels locally and also may produce temporary ob- 
struction by the swelling of the nearest lymph node. Thus 
local inflammatory edema is usually complicated by some 
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degree of lymphedema though this nearly always subsides 
with the successful treatment of the local condition. 


The previous description of the effects of local incision and 
the promotion of tissue fluid discharge apply also to the 
lymphatic component of inflammatory edema since any in- 
cision is liable to open many lymph channels. The value of 
this type of drainage is limited by the large number of valves 
in the lymph system. 


SUMMARY 


The function of tissue fluid is to provide a constant supply 
of materials to all cells and constant elimination of their waste 
products. The effects of stagnation of tissue fluid are discussed 
with special reference to anoxia. A review of the present 
concepts of tissue fluid formation is followed by a discussion 
of the three physiological changes which cause tissue fluid 
stagnation and edema. These are plasma protein dilution, 
raised intracapillary pressure, and toxic capillary dilatation 
with increased permeability. The application of this analysis 
to clinical edema is illustrated by reference to varicose veins, 
cardiac insufficiency, inflammation, burns, frostbite, renal dis- 
eases, toxemias of pregnancy, urticarial skin lesions and lymph- 
edema. 
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EDEMA IN PREGNANCY 


Wiwarp R. Cooke* 


The clinically appreciable edemas which occur during preg- 
nancy should be thought of always as falling into two groups: 
the insignificant and the significant, using these terms in their 
basic definition and not as a measure of the degree or amount 
of the edema. A tremendous edema may be wholly insignifi- 
cant; an almost inappreciable edema may be of great sig- 
nificance. It is therefore necessary that the clinician have a 
clear knowledge of the factors which are known to be con- 
cerned in edema, and a degree of judgment adequate to the 
evaluation of this physical sign in each case. (Upon this basis 
the writer urges that the paper of Dr. Eric Ogden, immediately 
preceding in this Journal, be carefully read before passing 
on to the clinical considerations set forth herein.) 


TuHE INSIGNIFICANT EpEMAS 


1. The physiologic edema of pregnancy. This is a general- 
ized more or less constant edema which in its minimal clinical 
manifestation is evident only as a tightness of the fingers 
and in the coarsening of the features. This type of edema has 
been ascribed to: an effort on the part of Nature to provide 
a supply of water to be drawn upon during labor and the im- 
mediate post-partum period, increased blood volume; decreased 
viscosity; various endocrine imbalances; capillary stasis as 
the result of lowered blood pressure; hypoxia; albumia-globulin 
shifts; inability of the kidney to eliminate sodium salts; cardiac 
overload; etc. None of these, except the hydremia, has been 
demonstrated as a constant factor. Reduction of intake of 
NaCl is more or less effective in some cases. 

In this connection there is a widespread lack of appreciation 
of the real meaning of more than average or excessively rapid 
gains in weight during pregnancy. While the latter is more 
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significant than the former, neither is diagnostic of actual or 
impending toxemia. Patients with marked losses of weight 
may develop a most virulent eclampsia; patients with gains 
of from 60 to 90 pounds may show no evidence whatever of 
a pathologic process. Rapid or excessive gains in weight should 
not be overlooked; they may be the first indication of a develop- 
ing toxemia, calling for immediate intensive investigation. 

2. Edema from venostasis of the lower extremities. This 
is a localized, intermittent edema which is nearly always un- 
equally distributed, one leg being more swollen than the other. 
It almost always decreases after prolonged recumbency; often 
disappears entirely during the night; and often may be kept 
within the bounds of comfort by lying down with the legs 
elevated for 10 minutes or so every hour or two during the 
day. The degree of edema may be extreme, as in the case of 
a 90 pound girl whose ankles measured 42 cm. (16.5 inches) 
in circumference during the last weeks of pregnancy. Four 
factors operate directly in varying degree to cause crural con- 
gestion and phlebectasia: a. the inability of the common 
veins to accommodate both the external iliac return and the 
tremendous venous flow from the uterus via the hypogastric 
(internal iliac) veins; b. direct pressure of the gravid uterus 
upon the iliac venous system (this accounts for the usual in- 
equality of the edema in the two legs); c. the absence of 
competent valves in the ovarian veins, which creates a constant 
hydrostatic pressure of 20-25 cm. within the pampiniform 
plexus during maintenance of the erect posture, thus largely 
preventing the utilization of these veins as compensatory relief 
channels for the uterine return; d. the increased intraab- 
dominal pressure. It is probable that this type of edema (and 
much of the damage to the veins of the legs—to say nothing 
of a host of gynecologic conditions) could be prevented if 
women could be persuaded to maintain the horizontal position 
for which the genitalia and accessory structures were designed: 
but patients are quite unreasonable about adopting the quad- 
rupedal position, even during pregnancy. 

3. Edema incident to simple hypertension. This is very 
inconstant, even in severe degrees of hypertension, and _ be- 
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comes significant only when it results from hypertensive renal 
or cardiac damage. There are four types of simple hyperten- 
sion to be taken into account during pregnancy: the familiar 
benign and malignant essential hypertensions; temporary and 
transient hypertension of psychoneurotic origin; and an un- 
explained type of hypertension which develops during preg- 
nancy and disappears promptly after its termination, without 
demonstrable immediate or delayed side-effects. This last type 
may occur in one pregnancy and not in others, in a given in- 
dividual. 

4. Edema of apparently allergic origin is not very rare 
during pregnancy, and is usually transient. In one case the 
edema (and urticaria) was constant and became increasingly 
severe as pregnancy progressed, disappearing entirely within 
a few hours after delivery: intradermal injection of cord 
blood serum caused a very severe local reaction with transient 
generalized urticaria and mild edema. 


Tue SIGNIFICANT EDEMAS 


1. Preéclampsia-eclampsia. The edema accompanying this 
condition is of complex origin, especially im progressive cases. 
The initial factor seems to consist of an occlusive terminal 
endo-arteriolitis in the renal glomeruli. The cause of this 
arteriolitis has not been identified, although there is consid- 
erable evidence suggestive of amin-intoxication as a possibility, 
(especially tyramine—H. W. Johnson). The production of 
renin in proportion to the diminution of blood supply to the 
kidney probably plays a part in the increasing hypertension. 
With the increasing glomerular and general renal damage and 
dysfunction protein leakage and Na-and-K-salt and water 
retention occur. Both of these factors operate to increase the 
generalized edema. Capillary permeability is increased, es- 
pecially in the cerebral area. Capillary thrombosis is usual, 
most commonly and markedly in the perilobylar venules of 
the liver, where it leads to necrosis and progressive reduction 
of the glycogen reserve capacity. 

It should always be remembered that, while edema is ordi- 
narily our earliest and therefore most valuable warning of 
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eclampsia, it is neither in itself diagnostic of eclampsia nor 
is it a quantitative index to the severity or the rapidity of 
progress of the toxemia—indeed, the most highly fatal type 
of eclampsia is the so-called dry type, in which gross evidence 
of edema may be entirely lacking. 

The edema of eclampsia may be lessened very markedly 
by a salft-free diet; but this may prove to be a psychologic 
boomerang, as the actual toxemia may be progressive in spite 
of the misleading reduction of edema. Dehydration and at- 
tempts to reduce the edema by increased protein intake are 
very inconstant in their effects on the reduction of edema; 
and neither is any more effective in the control of the actual 
eclampsia than the obsolete hyper-hydration and low-protein 
diets. 

In the actual eclampsia (coma-convulsive stage) increased 
intracranial tension and cerebral edema have been suggested 
as causative of the central nervous phenomena. It seems prob- 
able that these factors may operate in the causation of coma, 
but not of convulsion. There is no constant relationship be- 
tween the spinal or cistern pressures and the severity of the 
eclampsia; nor does reduction of intracranial pressure by tap 
or by intraduodenal instillation of magnesium sulphate have 
any dependable effect in controlling the convulsions. As yet, 
the frequent occurrence of greatly increased edema immedi- 
ately after delivery and the cessation of convulsions is unex- 
plained. 

In spite of our greatly increased knowledge of the physical 
and physiologic pathology of eclampsia, very little of it as 
yet applies effectively to the practical therapy of the disease. 
Edema can be reduced, but little is accomplished thereby, and 
one must be on guard against being misled as to the progress 
of the actual disease. Mechanical compensation by intravenous 
glucose for the broken-down glycogen reserve is of very great 
value. As yet we have accomplished a real reduction of mor- 
tality only through the use of barbiturates and magnesium 
sulphate, the latter being paradoxically (on account of its 
lesser neuromotor-depressive effect) far superior to the former 
—an unexplained phenomenon. 
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2. Nephritis. From the practical clinical point of view (con- 
cerned primarily and almost solely with the reduction of 
mortality and long-range morbidity) the presence or absence 
of edema is somewhat immaterial in the nephritic gravida, 
since the general consensus of opinion today is that pregnancy 
should be terminated in any case of severe or progressive 
nephritis. This policy has reduced the maternal mortality, 
had little effect on the fetal mortality, and increased the life 
expectancy of the mother. 

3. Cardiac edema also is relatively insignificant among the 
many criteria of cardiac incompetency in the pregnant woman. 
The management of these cases must be based upon intelligent 
codrdination of both obstetric and cardiologic judgment. 

4. The edema incident to varices is fully discussed by Dr. 
Ogden. The management of these cases should take into ac- 
count the elimination of the factors due to pregnancy, after. 
its termination. 


SUMMARY 


Edema is a very variable phenomenon in connection with 
pregnancy and its complications. It is not diagnostic of toxemia 
or other complicating processes, nor is its degree always a 
measure of the severity of the complicating disease. Extreme 
degrees of edema may occur in cases in which the most ex- 
haustive studies discover no pathologic state; conversely, edema 
may be slight or absent in fatal cases of toxemia. 

The occurrence of edema should always call for a prompt 
and intensive search for its cause, especially for the earliest 
evidences of eclampsia. 
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WILLIAM BUCHANAN LECTURE 


Aritp E. Hansen, Director, 
The University of Texas Child Health Program* 


INTRODUCTION 


The idea of a University of Texas Child Health Program 
was conceived by the authorities of The University of Texas 
as a means of contributing towards improving the health of 
the children of this great state. In instituting the program 
the University authorities realized the problem was of such 
importance and such magnitude that it would be necessary 
to seek outside aid in order to support it in proportion to the 
extent demanded by the progressive citizens of the state. 
Amongst the various individuals and institutions found to be 


interested in aiding the University to render this important 


service to the state was the William Buchanan Foundation 
of Texarkana. The members of the Board of the Foundation 
adopted an extremely laudable, though a little out of the 
ordinary, principle of preferring not to publicize their support. 
There are times, however, when it is felt that distinct recog- 
nition should be given to this great pioneer of Texas who left 
part of his estate dedicated to the improvement of the health 
of its citizens. We are gathered this evening to pay tribute to 
William Buchanan, one of Texas’ great citizens. 


In developing a Child Health Program it was quite obvious 
that particular attention should be given to those problems 
which were responsible in causing the excessive number of 
deaths in the children of Texas. It was found that the prob- 
lem of dysenteries or infantile diarrheas was of such greatness 
that it contributed materially to cause more children to die 
‘in Texas than in any other state of the Union. It so happens 
that rather recently a notable contribution has been made 
towards a better understanding of the actual cause of death 
in this condition. Evolving from these findings has been 
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the development of a successful treatment routine for a con- 
dition in which, previously, and also in spite of excellent 
hospital and nursing care and wise medical supervision, it 
was extremely difficult to reduce the mortality rate. 


There are a few things that stand out in the development 
of man’s victory over the various diseases. Amongst these 
milestones in medical progress may be mentioned von Behring’s 
development of anti-toxin in the treatment of diphtheria and 
the discovery of insulin by Banting and Best. Indeed there 
are many others, and now we have arrived at another mile- 
stone. The discovery has been made that great shifts in 
potassium and sodium out of and into the body cells can occur 
and this alteration in water and electrolyte balance results 
in the inability of the organism to function properly. These 
findings are the result of intensive work in the laboratory and 
clinic and demonstrations of such phenomena have been made 
by our speaker of the evening. The magnitude of the loss of 
potassium from within the cells of the body was hitherto un- 
suspected. Furthermore, of distinct significance is the dis- 
covery that the administration of a solution rich in potassium 
salts will markedly reduce the mortality from this dreaded 
condition. 


It is with great pleasure that we present a scientist who has 
made important contributions in the understanding of human 
physiology and a clinician who has devised a system of treat- 
ment which changes a serious situation to one which can be 
conquered with the right means of treatment. Dr. Daniel C. 
Darrow is Associate Professor of Pediatrics at Yale University 
School of Medicine and it has been our pleasure to have him 
here at The University of Texas School of Medicine during the 
summer as Visiting Professor of Pediatrics. Dr. Darrow will 
discuss his experimental and clinical studies on the control of 
infant diarrhea. This dangerous condition has challenged the 
best efforts of pediatrics for years. It’s successful solution 
by Doctor Darrow is one of the best lifesaving contributions 
of contemporary medicine. 











ADVANCES IN THE TREATMENT OF DIARRHEA IN 
INFANTS* 


Danie. C. Darrow 


The University of Texas Child Health Program was con- 
ceived in the broadest terms as a means of promoting the wel- 
fare of the children of Texas by research, public health activi- 
ties and education of the laity as well as the medical students 
and physicians. The William Buchanan Foundation has sup- 
ported the program because it is interested in the purposes 
of the program and felt that the State University was a par- 
ticularly appropriate place to center these activities. Both 
the University and the William Buchanan Foundation have 
recognized that the development of a superior center for pedia- 
tric research and teaching at the medical school was one of 
the important phases of the program. 

Throughout the country and in all fields of medicine, the 
type of training given by residency in well developed centers 
has been the most effective method of producing superior prac- 
titioners. If the men so trained are to progress with the times, 
the university hospitals must not only exemplify the best in 
medical practice, but must also have and use facilities for 
medical research. In pediatrics, at least the three fields of 
metabolic, infectious, and psychiatric diseases must be repre- 
sented. A superior center for pediatrics at The University 
of Texas will not only improve medical practice through the 
mer it trains, but it will, by example, lift the level of practice 
and education throughout the state. 

Doctors Pratt, Flett and I have been permitted to take part 
in the research aspects as guests of the Child Health Program 
of The University of Texas. We have found the laboratory 
facilities adequate for our purposes; we have received stimu- 
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lation and coéperation from the investigators on the faculty; 
the people of Texas, as exemplified by Bradford Home in 
Dallas, are ready to support research in medicine. My col- 
leagues and I have had the opportunity to help in the training 
of the residents in Galveston and Dallas. We found the men 
were intelligent and willing to learn and they deserve the 
best that Texas can give. Despite the set-backs of the war, 
the Texas Child Health Program has done much toward -de- 
veloping a superior center for research and resident training 
at the medical school and continued support can bring this 
phase to fruition. 

Tonight I shall talk of the advances in the treatment of 
diarrhea. These advances are largely the result of work made 
possible in other medical schools by establishment of pediatric 
centers such as is proposed by The University of Texas Child 
Health Program. Back of this progress you will see laboratory 
observations taken to the bedside and bedside problems taken 
to the laboratory and most of the work done by men engaged 
primarily in the study of disease rather than preoccupied with 
the application of current medical knowledge. 

Although considerable progress has been made, diarrhea 
diseases are still among the chief causes of death in the first 
year of life. In 1944, the State of Texas reported 1372 deaths 
from diarrhea in infants under one year of age, while all the 
United States in the same year reported only 1361 deaths 
from poliomyelitis for all ages. Texas reported over twice as 
many deaths from diarrhea as the highest number in any 
other state. The number of deaths per thousand live births 
was 8.3 in Texas and this rate was exceeded only by the rates 
of New Mexico and Arizona (15.5 and 12.6 respectively). 
On the other hand, the best record, that of Oregon, is only 0.7 
per thousand live births and with the exception of Maine, 
Ohio, and many Southern states, there are no rates over 3. 
In New Mexico and Arizona the deaths for “non-whites” are 
almost 1 of 30 live births. In Texas the death rates for “non- 
whites” is lower than for whites. In Mississippi the rate for 
“non-whites” is 3.6 and almost as low as for the state as a 
whole. The highest death rates in the Southwest are almost 
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certainly confined largely to the Mexican and Indian popula- 
tions which in Texas are hidden by recording only Negroes 
as “non-whites,” while in Arizona and New Mexico the prob- 
lem comes into view by classification of the Indians and 
Mexicans as “non-whites.” The death rate of certain parts 
of the Indian and Mexican populations of Texas is almost 
certainly as high as that of Arizona and New Mexico. 


The decreased incidence of diarrhea in many parts of the 
country is not altogether explained. Diarrhea in babies de- 
creases with better sanitation since dysentery accounts for a 
large number of cases and where adults suffer frequently 
from dysentery, babies show a high incidence of Shigella in- 
fections. Diarrhea decreases when public sanitary facilities 
are adequate. Deaths from diarrhea occur almost exclusively 
in the first two years of life and chiefly in the newborn period 
and in undernourished babies. Measures which decrease the 
incidence of undernutrition and improve the care of the new- 
born decrease the deaths from diarrhea. Finally, deaths occur 
im cases where, through ignorance on the part of the parents 
or the doctors, proper treatment is not instituted. The solu- 
tion of Texas’ problem of infantile diarrhea will demand im- 
proved public sanitation and better education of the public. 
However, in the final analysis these factors alone will not 
take care of individual cases unless the pediatricians in par- 
ticular and the physicians in general are acquainted with the 
best methods for treating the sick baby. 


In the individual case, the treatment seeks to prevent severe 
dehydration or to overcome dehydration if it has already de- 
veloped. Without the development of dehydration, practically 
no deaths occur from diarrhea. With proper replacement 
of the losses of water and electrolyte, the deaths can be reduced 
to a very low figure. The treatment demands a considerable 
attention to details and involves several important procedures 
no one of which is effective alone. In describing the treat- 
ment I shall‘try to illustrate the observational background 
that demonstrated the usefulness of the particular phase of 


the treatment. 
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It is likely that early attempts to treat diarrhea involved 
changes in the diet which sought to decrease the number and 
volume of the stools. This search for a food which will not 
aggravate the diarrhea led to the substitution of gruel for milk, 
the use of buttermilk and protein milk. However, Marfan 
popularized the only procedure that has stood the test of time; 
this is the administration of water alone as long as the stools 
are copious and watery and as long as evidences of so-called 
intestinal intoxication persist. He wrote his paper about 1890 
but gives credit to Luton of Rheims who used it in 1874. Small 
amounts of salt and glucose can be added to water given orally 
without aggravating a severe diarrhea, but until considerable 
recovery has taken place, milk in particular aggravates a 
watery diarrhea. In many clinics nothing is given by mouth 
since adequate fluids can so easily be given parenterally. How- 
ever, except when there is vomiting, clear fluids by mouth do 
not aggravate a diarrhea and cam be given after partial re- 
placement of the deficit of water and electrolyte. Thus the 
first phase of treatment of diarrhea is withholding food until 
the stools are no longer watery, all evidences of dehydration 
are overcome and considerable recovery has taken place. Re- 
placement of water and electrolyte can be accomplished by 
the oral route in mild cases where there is no vomiting. The 
oral replacement of water and electrolyte usually requires 
withholding milk for 12 to 24 hours. The cases with marked 
dehydration require parenteral fluid therapy before the oral 
administration of fluids is feasible. In the most advanced cases 
starvation may have to be carried out frequently for four or 
sometimes for ten days. 

The actual mechanism by which food aggravates the symp- 
toms of diarrhea have not been discovered and described, but 
the clinical facts are clear-cut and were best described by 
Finkelstein, Myer and coadjutors. These observations led 
Finkelstein to call the group of symptoms alimentary intoxi- 
cation. The essential findings are as follows: Certain babies 
react to food with fever, loss of weight, listlessness, pallor, and 
evidences of poor circulation. Usually diarrhea develops or 
is aggravated, but loss of weight may occur without diarrhea. 
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Chart 1 is a diagrammatic representation of the reaction of normal and 
undernourished babies to increased feedings. The line labelled “Main- 
tenance” represents the food intake which will lead to no gain or loss 
of weight; the line labelled “Tolerance” represents the amount of food 
which leads to symptoms. Note that tolerance is lower in undernourished 
than in normal infants and that tolerance is decreased by amounts of 
food that lead to symptoms. 
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Vomiting eventually occurs. These phenomena can be illus- 
trated in almost any patient with diarrhea and in many under- 
nourished babies and some babies suffering from infections. 
Pirquet and others spoke of the phenomena in terms of food 
tolerance. I shall illustrate the phenomena by diagrams. 

The first diagram shows that as food is increased the rate 
of weight increase slows up when a certain intake of food is 
exceeded. If food is further increased, fever develops and a 
loss of weight occurs. Vomiting and diarrhea may also de- 
velop. The amount of food which produces these symptoms is 
said to exceed the tolerance. In an undernourished baby the 
same phenomena are more easily elicited and the tolerance 
is exceeded at a lower level of intake. In the advanced stage 
of undernutrition the baby may not be able to take sufficient 
food to meet his caloric requirements. This state was called 
by Finkelstein, “decomposition.” Usually evidences of dehy- 
dration are obvious in such babies. A baby who has suffered 
or is suffering from diarrhea illustrates these phenomena very 
readily; he acts like a baby with moderate or advanced under- 
nutrition even though he may look well nourished. A period 
of fasting will increase the tolerance of a baby suffering from 
diarrhea; restoration of tissue water and electrolyte will also 
increase the tolerance. However, if the diarrhea continues 
to be watery and copious, food will always aggravate the 
diarrhea and may induce fever, vomiting and collapse. It re- 
quires considerable clinical experience always to judge when 
food will be tolerated, but cautious additions of food in small 
amounts enable a physician to institute feedings without danger 
if the course of the illness is carefully followed. Diarrhea 
usually requires withholding food for 24 hours and may re- 
quire a period of fasting of three to four days and recovery 
has occurred after eleven days of starvation. 

The applications of these observations are relatively simple. 
First food must not be given at a time when watery diarrhea, 
dehydration or fever indicate that aggravation of these symp- 
toms is likely to develop. Usually small amounts of food are 
tolerated at first and then as recovery occurs more food can 
be taken. The food can safely be diluted so as to cover the 
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Chart 2 represents the same type of reactions as chart 1, but in malignant 
undernutrition (‘“‘decomposition” of Finkelstein). By definition, these 
babies are unable to take enough food to grow without developing symp- 
toms of alimentary intoxication. Since deficit of water and electrolyte 
plays a role in the pathogenesis, treatment with blood, salt, and glucose 
solutions leads to recovery in some cases. 
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water requirement—usually about 150 cc. per kilogram per 
day in babies suffering from diarrhea. The initial food should 
give about 10 to 20 calories per kilogram per day and the 
daily increases should be from 10 to 20 per day until an intake 
of 90 to 100 is given. This usually suffices for growth. More 
may be given if a trial of several days shows that more is 
necessary and will be tolerated. If the food aggravates the 
diarrhea, a period of fasting may again be necessary and 
gradual initiation of feedings started when improvement has 
taken place. ° 

There are some indications that inability to maintain fluid 
and electrolyte balance is one of the causes of intolerance to 
large amounts of food. Banning found that many premature 
infants who fail to thrive on whole milk mixtures have acidosis. 
Martins da Silva, Stevenson and I showed that premature 
infants retain chloride without sodium when fed protein milk 
powder. This leads to marked acidosis and the appearance of 
dehydration without the development of diarrhea. In Galves- 
ton a similar imbalance of electrolyte retention was shown in 
babies recovering from diarrhea, who were fed milk mixtures 
before the stools were satisfactory. These findings suggest 
that the imbalance of electrolyte may be one of the features 
of food intolerance. Detailed study of the phenomena will be 
required to establish this assumption. 

Until the work of Brennemann showed that modification 
of milk protein is the most important change necessary to 
make cow’s milk suitable for infants, pediatricians tried many 
mixtures. Modifications of the proteins can be brought about 
by boiling or cooking the milk, by souring, by coagulation 
with rennet as in Finkelstein’s protein milk or by a number 
of processes by which milk is powdered or concentrated. Such 
modifications are so prevalent today that their importance may 
be forgotten. 

Experiments in Germany by Steinitz, Meyer and others 
showed that high fat diets are more likely to lead to loose 
stools than milks somewhat low in fats. A suitable concentra- 
tion of fat can be obtained by using buttermilk, skimmed milk 
or a mixture of equal parts of boiled skimmed and whole milk. 
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The evidence is now clear that carbohydrates do not aggravate 
a diarrhea and babies do better when carbohydrate, equal to 
5 to 10 per cent of the milk, is added to the mixture. Babies 
who are ready for food can take any of the relatively simple 
mixtures, and it is futile to search for a peculiar mixture 
suitable for a particular baby suffering from diarrhea. 

The explanation of the weight loss received its first out- 
standing study in Dorpat, Esthonia. About a hundred years 
ago, Carl Schmidt published his studies on cholera and dysen- 
tery. He appreciated that the body fluids were of different 
composition outside and inside of the cells. His terminology 
suggests his comprehension of the problem, since he spoke 
of “Capillartransudat,” by which he referred to what we 
would call interstitial fluid; he spoke of the stools as “Darm- 
capillartransudat.” He published his data in the contemporary 
system of oxides of the various cations, but calculated the 
equivalence of the various elements. He clearly showed that 
diarrhea leads to large losses of water, sodium, chloride, and 
potassium. His work was done fifty years before the theory 
of electrolyte dissociation was developed by Arrhenius. Doubt- 
less his work would have been better understood if he had 
presented his tables in equivalents and if the science of physi- 
ology had been prepared for his advanced views. 

Shortly after 1890 the establishment of separate professor- 
ships of pediatrics together with hospitals and laboratories for 
the study of diseases of children led to the development of the 
great school of pediatrics in Germany. German pediatricians 
made many attempts to solve the problem of dehydration in 
diarrhea. They appreciated that the decrease in body weight 
was due to loss of water and that electrolyte was excreted 
along with the water. Steinitz showed that the acidosis in 
diarrhea was due to loss of sodium and potassium. Tobler 
measured the losses of electrolyte and analyzed tissues. He 
showed that the tissues lost more chloride and potassium rela- 
tive to nitrogen than would be the case if tissue fluids as a 
whole were lost. He showed that the muscles of babies dying 
of diarrhea contained less than the normal proportion of 
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potassium. The losses of weight were accounted -for chiefly 
by losses of water from subcutaneous tissues and muscle. 

In spite of this knowledge but few attempts were made in 
Germany to replace the lost electrolyte. This failure was ap- 
parently dependent, first, on the idea that the loss of potassium 
represented a disintegration of the cells as a whole and, second, 
on the teaching that while administration of physiological 
saline produced immediate improvement, the conditiom became 
worse if the watery stools continued. The Germans sought 
to change the character of the stools by a period of fasting 
and giving a food which changed the stools from watery ones 
containing large amounts of sodium and potassium to ones 
containing large amounts of calcium and magnesium soaps. 
In this they were partially successful by the use of protein 
milk, buttermilk and other mixtures. The German pediatri- 
cians observed temporary improvement following the admin- 
istration of salt solution, but felt that, unless the character 
of the stools changed, a relapse into a worse state would occur. 

Although American pediatrics was founded by men trained 
in Germany, American pediatricians followed different lines 
of investigation and explored the possibilities of replacement 
therapy more carefully. In this they followed the successful 
modification of cholera in England by administration of sodium 
chloride. The development of micromethods for blood analyses 
enabled American investigators to follow the changes in com- 
position of the plasma quite accurately. The demonstration of 
acidosis with lowering of the serum bicarbonate concentration 
by Howland and Marriott and Schloss and Stetson was ac- 
companied by proof that sodium bicarbonate restored serum 
bicarbonate concentrations. However, both groups of workers 
stated that the immediate improvement was not followed by 
a lowering of the mortality rate. Blackfam and Maxy observed 
a gratifying decrease in mortality following the use of adequate 
amounts of physiological saline by intraperitoneal injection, 
but a better quantitative approach was needed to exploit the 
possibility of this therapy. 

Hoag and Marples; Hartman; Hamilton, Kajdi and Meeker; 
Karelitz and Schiff showed the nature of the disturbances in 
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electrolyte concentration of serum. Various combinations of 
sodium chloride, sodium bicarbonate or sodium lactate were 
used to overcome water and electrolyte deficits. These studies 
often used restoration of serum electrolyte concentration as 
evidence of successful treatment when observation of the 
patients indicated that the patients were not restored to normal 
when serum concentrations were normal. The treatment was 
dominated by the concepts of Gamble who divided body fluids 
into intracellular and extracellular fluids. Only the extra- 
cellular disturbances were considered accessible to treatment, 
since the membranes were thought to be practically imper- 
meable to cations and sodium was thought to be excluded from 
the cells. 

Holt, Courtney and Fales studied the excreta and realized 
that potassium was being lost as well as sodium and chloride. 
Holt, Jr., informs me that his father consulted Jacques Loeb 
as to possible solutions for restoring the deficits of potassium. 
Apparently some form of Ringer’s solution was recommended 
and perhaps tried. However, doctors were so conscious of the 
possibility of producing heart block by too high a concentration 
of potassium in serum that adequate amounts of potassium 
were never given. 

Gamble, Butler, and McKhann demonstrated by balances 
that diarrhea leads to loss of intracellular fluids with potassium 
and very little nitrogen proportionately. They did not at- 
tempt to restore potassium for the reasons that appear in the 
following quotation: 


“The presence of an intracellular fluid loss complicates our 
conception of the process of dehydration and disturbs our con- 
fidence in the therapeutic adequacy of parenteral treatment. 
Since repair solutions must be placed in the vascular or in 
the interstitial compartment, they cannot contain with safety 
the intracellular materials, such as potassium and phosphate, 
at concentrations above the small values prescribed for them 
in extracellular fluids. The solution devised by Hartmann 
contains potassium appropriately to this extent. It is evident, 
however, that such solutions cannot provide an adequate re- 
a of intracellular materials. Parenteral therapy 

as a large, often dramatic, effectiveness. It must be admitted, 
however, that it is not always successful and it may be hoped 
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that recognition of an additional pathologic process in the 
situation will eventually produce supplementary measures 
which will provide a more complete control of the severe 


stage of diarrheal disease.” 


From the above it is obvious that potassium would not be 
tried as long as cell membranes were considered to be prac- 
tically impermeable to potassium. Investigators had to keep 
in mind that a rise in concentration of serum potassium to a 
little over twice the value found normally in serum would 
produce heart block. A new concept of the relationship be- 
tween intracellular and extracellular fluids had to be de- 
veloped by new methods of observation. The analysis of tis- 
sues was the new method of observation and was undertaken 
by a number of investigators, particularly Hastings and Eichel- 
berger in Chicago, Fenn and others in Rochester and Yannet, 
Harrison, Miller and myself in New Haven. This work went 
on independently and along similar lines and showed that 
cells contained moderate amounts of sodium and variable 
amounts of potassium. However, we were hardly prepared 
for the finding that about half the potassium of muscles may 
be replaced by sodium following a diet low in potassium. Hepel 
first described these facts, but Miller and I made the same 
observation independently at about the same time. We were 
thus confronted with the fact that the muscles may show a 
wide variation in composition and sodium and potassium 
readily cross the cell membranes. The distribution of electro- 
lyte in the body is apparently not dependent on a peculiar 
property of the membranes which excludes sodium from the 
cells and confines potassium to the cells. Within the cells 
potassium must form complexes which lead to a higher con- 
centration of potassium than sodium, but if potassium is lost, 
sodium tends to replace potassium in about equivalent amounts. 
These observations have been supplemented and confirmed by 
the use of radio-active isotopes. The evidence indicates that 
radio-active sodium comes into equilibrium with intracellular 
sodium more rapidly than radio-active potassium comes into 
equilibrium with intracellular potassium. The cell membranes 
are, therefore, for all practical purposes, freely permeable to 
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univalent cations and the function of the membranes is to 
confine the cytoplasm and not to exclude the sodium or confine 
the potassium. 

In the light of these new concepts of the function of cellular 
membranes, the medical and physiological problem was to 
discover the variations in tissue composition and their effect 
on acid-base equilibrium in the serum and the changes in 
functions of the cells which accompany changes in body 
electrolyte. Replacement of muscle potassium by sodium has 
been shown to occur in response to diets low in potassium, 
following parenteral treatment with solutions containing only 
sodium chloride and glucose, following administration of des- 
oxycorticosterone acetate and certain steroids found in the 
adrenal glands, in alkalosis and probably other conditions. 

The general implication of the lability of tissue composi- 
tion is illustrated in tables 1 to 4. The concentrations in intra- 
cellular and extracellular fluids are represented together with 
the total amounts. The composition of extracellular fluids is 
given as the ultrafiltrate of plasma, while the composition of 
intracellular fluids is represented by intracellular fluid of 
muscle. Muscle comprises about 70 per cent of the total intra- 
cellular fluid and is sufficiently characteristic to represent all 
intracellular fluids. The tables illustrate certain changes in 
composition which have been shown to occur in experimental 
animals and patients. 

Table 1 illustrates the composition of the body of a ten- 
kilogram baby. The values for intracellular sodium and 
potassium are high normal values, but in essentially normal 
animals intracellular sodium can almost disappear and intra- 
cellular potassium can decrease about ten per cent. Attention 
should be directed to the fact that intracellular sodium is al- 
most one-sixth of normal extracellular sodium or two-thirds 
of extracellular bicarbonate. These variations must be con- 
sidered in evaluating acid-base equilibrium of serum. In one 
type of acidosis, da Silva, Stevenson and I found practically 
all the intracellular sodium transferred to extracellular fluids, 
at a time when there was no evidence of loss or gain in potas- 


sium. 
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TABLE 1 
Normal Baby 
Concentration per 
. of water Total Amount 
Extra- Intra- Extra- Intra- 
cellular cellular cellular cellular 
HCO; mM. 28 10 70 45 
Cl mM. 111 3 277 15 
Na mM. 145 12 362 54 
K mM. 157 8 706 
P mM. 2 101 9 455 
Solids gm. 306 1377 
N gm. 49 299 
H:0 kgm. 2.5 4.5 





In this and the subsequent tables, the contents are based on the solids 
of a 10 kgm. baby including the solids of bones and connective tissue, 
which are not shown in the tables. The concentrations of extracellular 
fluids are represented by those of an ultrafiltrate of serum, while the 
intracellular concentrations are represented by those of the intracellular 
phase of muscle. Total amounts of each electrolyte equal the concentra- 
tions multiplied by the respective volumes of water. 


Table 2 shows the effect of loss of extracellular electrolyte 
without appreciable change in body water. In this case almost 
no shift in electrolyte occurred, although there is a marked 
decrease in extracellular water with a corresponding increase 
in intracellular water. Similar changes probably take place 
in patients. 

Tables 3 and 4 show two types of disturbances in body 
water and electrolyte in which deficit of potassium is a promi- 
nent feature. Alkalosis produced experimentally by deficit 
of body chloride induces excessive retention of sodium in the 
cells associated with equivalent deficits of potassium (see 
table 3). Thus alkalosis per se seems to alter the composition 
of muscle. On the other hand, Powers and Kepler have shown 
that certain cases of Cushing’s syndrome have alkalosis asso- 
ciated with deficit of muscle potassium. Experimentally I 
have shown that the same association of alkalosis with deficit 
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of potassium can be produced in animals by repeated injections 
of desoxycorticosterone acetate. Thus deficit of potassium ap- 
parently tends to lead to serum alkalosis when renal function 
is relatively normal. Alkalosis does not usually develop wheh 
potassium deficit is produced by diets low in potassium. More- 
over, the studies om diarrhea show that deficit of potassium 
may develop in the presence of acidosis and indeed in some 
cases apparently lead to acidosis owing, in part, to transfer 
of sodium to the cells (see table 4). In some cases of diarrhea 


no evidence of increase in intracellular sodium accompanies ° 


loss of body potassium. The point to be emphasized is that 
disturbances in body water and electrolyte are now known to 
be accompanied by shifts of both water and electrolyte between 
extracellular and intracellular fluids. Furthermore, methods 
of study have been’ developed which bring these shifts into 
view. 

Keeping in mind the concept of the lability of tissue water 
and electrolyte, studies were undertaken which demonstrate 
the changes in intracellular as well as extracellular electrolyte 


TABLE 2 
Baby with Deficit of Extracellular Electrolyte 





Concentration per 





























kgm. of water Total Amount 
Extra- Intra- Extra- Intra- 
cellular, cellular cellular cellular 

HCO; mM. 24 10 50 49 
Cl mM. 101 3.3 210 16 
Na mM. 131 9 275 tt 
K mM. 3.3 143 7 706 
P mM. 2 92 6 455 
Solids gm. 280 1377 
N gm. 45 222 
H.0 2.07 4.93 





The table represents deficit of extracellular electrolyte without change 
in total body water. The deficits are Cl, 66 mM., and sodium, 97 mM. 
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TABLE 3 
Baby with Alkalosis and K Deficit 





Concentration per 





























kgm. of water Total Amount 
Extra- Intra- Extra- Intra- 
cellular cellular cellular cellular 
HCO; mM. 34 10 85 42 
Cl mM. 105 2.2 262 9 
Na mM. 145 55 362 231 
K mM. 2.2 112 6 470 
P mM. 2 108 8 455 
Solids gm 328 1377 
N gm. 53 222 
H:0 kgm. 2.5 4.2 





The table represents the conditions produced in experimental animals 
by diets low in potassium or repeated injections of desoxycorticosterone 
acetate. The deficits are Cl, 21 mM.; potassium, 238 mM.; and water, 
0.3 kgm. There is an excess of 177 mM. of sodium which is accounted 
for by sodium which has replaced the deficit of intracellular potassium. 


TABLE 4 
Baby with Deficit of Sodium, Chloride and Potassium 





Concentration per 





























kgm. of water Total Amount 
Extra- Intra- Extra- Intra- 
cellular cellular cellular cellular 
HCO; mM. 10 10 18 37 
Cl mM. 105 5 185 18 
Na mM. 130 22 229 80 
K mM. 5 129 9 476 
P mM. 2 123 4 455 
Solids gm. 373 1377 
N gm. 60 222 
H:0 kgm. 1.76 3.70 





The table represents one of the conditions produced by diarrhea. There 
is acidosis with low concentration of serum chloride and deficit of potassium 
with partial replacement of potassium by sodium within the cells. The 
deficits are Cl, 89 mM.; Na, 107 mM.; K, 229 mM.; and water, 1.54 kgm. 
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Balances per 10 Kqm 
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Chart 3 shows a summary of the results reported in the Journal of 
Pediatrics, 28:515, 1946. The reader is referred to this article for the 
details, particularly the method of calculating extracellular and intra- 
cellular retentions. The balances represent the retentions after recovery 
from severe dehydration, acidosis and diarrhea. The duration of the 
balances is 6.7, 9.08, 4.6, 9, 13.04, and 10.37 days respectively. Using the 
final weights, all data were recalculated to amounts for 10 kilogram of 
tissue. The figures on the right represent estimated normal contents. The 
retentions of extracellular electrolyte are probably somewhat large, owing 
to inability to estimate losses in sweat; the balances in intracellular 
electrolyte are probably fairly accurate. The positive values indicate 
deficits during dehydration and the negative values for intracellular 
sodium indicate excessive contents of sodium within the cells during 
dehydration. 
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in diarrhea. The data collected were balances of nitrogen, 
water and electrolyte during recovery together with serum 
concentrations. By assuming that chloride remains exclusively 
extracellular, the serum concentrations and balances of chloride 
measure the volume of extracellular fluids. From this measure- 
ment, the corresponding changes in extracellular sodium are 
estimated, and thereby the changes in cellular composition. 

Chart 3 represents the findings in six cases of severe diar- 
rhea. Since the babies were relatively normal at the end of 
the period of observation, the water and electrolyte retained 
measures the deficit at the beginning of the study. In other 
words, the retentions are essentially the losses that produced 
the dehydration. The chart shows that large amounts of 
potassium as well as sodium and chloride were retained in all 
cases. In the last two cases the retention of potassium is almost 
one-fourth of the estimated total normal content. Since in 
cases 1 and 3 considerable sodium left the cells during treat- 
ment, there was an excess of intracellular sodium when the 
babies were dehydrated. This excess of intracellular sodium 
probably entered the cells owing to deficit of potassium. In 
case 1 the patient had a very low serum bicarbonate and re- 
tained fairly large amounts of chloride and but little sodium. 
Hence his acidosis was dependent on the transfer of sodium 
to the cells rather than loss of sodium from the body as a 
whole. To a less striking degree the same findings are shown 
in case 3. The deficits of potassium are not accounted for by 
loss of nitrogen nor are they accompanied by intracellular 
deficit of phosphorus. The findings demonstrate a new mech- 
anism for acidosis and bring into view the magnitude and 
significance of the losses of potassium. Data obtained in Gal- 
veston show that transfer of sodium to the cells occurs when 
no potassium is administered in treatment of diarrhea. The 
studies show that potassium chloride as well as sodium chloride, 
sodium bicarbonate and glucose solutions are indicated in the 
treatment of dehydration due to diarrhea. 

The method of treating diarrhea with potassium as well as 
sodium salts was worked out and tested in codperation with 
Clifton Govan, a native Texan. The only change from previous 
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treatment was replacement of body electrolyte by a solution 
having the composition shown in table 5. This solution con- 
tains the equivalent of somewhat more bicarbonate than serum, 
somewhat less sodium and about the same amount of chloride 
as serum. The potassium concentration is 35 mM. per liter, 
almost ten times the concentration of serum and three times 
the concentration leading to heart block. During the epidemic 
in Baltimore 17 of 59 cases died before potassium therapy was 
‘tried, while with the addition of potassium only 3 of 52 died. 
All who observed the patients were impressed that these babies 
looked better than one was accustomed to observe under the 
older treatment. The studies we have carried on in Galveston 
and Dallas as a special project of The University of Texas 
Child Health Program and because of the support of the Wil- 
liam Buchanan Foundation are not finished, but should sup- 
plement this information. The mortality record in Texas is 
equally low. 


TABLE 5 


Composition of Solution per Liter 














Gm. mM. 
NaHCO; 4.4 52 
KCl 27 36 
NaCl 3.0 69 





Owing to loss of sweat during the balance determinations, 
the apparent retentions of sodium and chloride are probably 
somewhat larger than the deficits of these ions at the beginning 
of the observations of table 1. From animal experiments I 
estimate that the deficit of sodium and chloride in severe de- 
hydration is equivalent to from one-third to one-half of the 
normal extracellular electrolyte. The deficit of potassium may 
be from 10 to 25 per cent of the estimated normal content. 
The potassium deficit probably cannot be replaced entirely 


by parenteral means, but the solution which Govan and I 
devised can be used without undue danger. In severe dehydra- 
tion the estimated therapeutic dose of the solution during the 
first 24 hours is 80 to 100 cc. per kilogram. This should be 
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given after the circulation has improved following the intra- 
venous injection of saline solutions and glucose. It must be 
given over a period of four hours so that there is mo danger 
of a rise in the concentration of potassium in serum to toxic 
levels. If the solution is given by continuous intravenous 
drip, it should be diluted about one part to 2 parts of 5 or 
10 per cent glucose. Because of the possibility of undetected 
increase in the rate of intravenous injections, I always give 
the potassium solutions by hypodermoclysis. 

The intake of water without salt should be kept high by 
the use of intravenous solutions of glucose. Usually the total 
water intake should be between 150 and 200 cc. per kilogram 
and of this total one-half to two-thirds should be given as 5 
to 10 per cent glucose. It is important that the glucose solution 
be made up in water and not salt solution. We have evidence 
in one case that potassium did not enter the cells when the 
concentration of sodium in serum remained high. Administra- 
tion of sufficient glucose solution in water should overcome 
this difficulty. It should be remembered that water without 
salt is needed to cover imperceptible loss and the water neces- 
sary for urine formation. 

After some recovery has taken place, any further require- 
ment of electrolyte and water can usually be given orally by 
offering 150 to 200 cc. per kilogram of body weight of a solu- 
tion containing one part of the potassium containing salt di- 
luted with two parts of 5 per cent glucose in water. 

The potassium solution contains the equivalent of about 
50 mM. of sodium bicarbonate per liter. The administration 
of the solution as outlined above led to restoration of serum 
bicarbonate to approximately normal figures within 24 hours 
in practically all the cases studied in Texas. It will probably 
seldom be necessary to administer additional sodium bicar- 
bonate or sodium lactate when this solution is used. 

The treatment of shock is one of the most important phases 
of therapy in severe diarrhea. The term shock has been used 
for a number of conditions of dissimilar origin. I refer to the 
changes taking place in the cells as a result of the prolonged 
anoxia accompanying the loss of electrolyte in diarrhea. Long 
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and others showed that the liver in particular undergoes 
chauges in its enzymes as a result of the slow circulation in 
hemorrhagic shock. The peculiar susceptibility of the liver 
to injury from slow circulation is explained by the fact that 
it gets about 70 per cent of its oxygen from venous blood. If 
this type of anoxia is permitted to persist, the loss of enzyme 
activity cannot be restored. Similar changes probably take 
place in other tissues—perhaps with the production of toxic 
by-products. The only known method of reversing the process 
is improvement of the circulation. The work of Winkler and 
others shows that in the shock due to electrolyte deficit, salt 
solutions are the most important means of improving the cir- 
culation. However, salt therapy is made considerably more 
effective by transfusions of blood and, to a lesser extent, plasma. 
Practically all cases of severe diarrhea should be treated: for 
shock immediately as an emergency in which delay for a few 
hours may produce irreversible changes. Since it is impossible 
to diagnose shock by clinical means alone, a physician should 
treat as shock many cases in which the subsequent course 
would show that the treatment was not necessary. It is for 
this reason that I would advise intravenous salt solution or 
a balanced solution containing sodium bicarbonate or lactate 
as well as sodium chloride (20 to 30 cc. per kilogram) diluted 
with a little glucose in severe cases. In addition, plasma or 
blood should also be given (20 to 30 cc. per kilogram). The 
concentrated state of the blood is not a contra-indication to 
transfusions. The treatment is also important as a preliminary 
to the administration of the potassium solution, since it assures 
better circulation and overcomes oliguria and diminishes the 
dangers of potassium intoxication. 

Powers introduced the use of transfusions in diarrhea and 
correctly stated that the treatment was for shock and not for 
anemia. His comprehensive plan for the treatment of diarrhea 
apparently produced as good results in 1926 as have been 
reported in any of the more recent modifications before the 
use of potassium was tried. 

Rapaport and Dodd have observed certain deficiencies ap- 
pear after the initial deficit of water and sodium chloride has 
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been overcome. Robinson noted strikingly low concentrations 
of potassium im serium (below 1 mM. per liter). He thought 
a fatal outcome could be predicted if the serum potassium 
became low and failed to return to normal. Rapaport and 
Dodd have found low concentrations of potassium phosphate 
and calcium during convalescence. Certain patients looked 
pale, became irritable and showed increased muscle tone. Al- 
though the signs of tetany were usually absent, these patients 
were favorably influenced by intravenous calcium and had 
low concentrations of calcium in the serum. One of the babies 
in Galveston had a convulsion about eight hours after initia- 
tion of treatment and the next morning, about four hours 
after the convulsion, the serum calcium was somewhat low 
(8.5 mg. per 100 cc.) and a Chvostek sign was present. None 
of the other patients studied in Texas have shown low serum 
calcium or signs referable to tetany. However, the observa- 
tions of Rapaport and Dodd indicate that intravenous injec- 
tions of calcium gluconate may be indicated. Although we 
have observed low serum potassium following therapy with 
sodium salts alone, serum potassium remains normal or slightly 
high when the solutions containing potassium are used. Al- 
though it is known that magnesium is lost in diarrhea, data 
are not available to prove that this ion should be given. Thus 
the treatment may alter the equilibrium so that deficiencies 
appear which would not otherwise be an important phase 
of diarrhea. 

Although parenteral infections may play a role in precipi- 
tating an attack of diarrhea, I am more and more impressed 
with how seldom the outcome in cases of diarrhea is favorably 
influenced by local or general therapy aimed at overcoming 
the parenteral infection. Mastoidotomy has seemed to increase 
the mortality in my experience. This is not surprising when 
it is recalled that all operations are hazardous in the presence 
of dehydration. Diarrhea alone is not an indication for mas- 
toidotomy or myrengotomy, although these operations may 
be undertaken if the same criteria are demanded for the diag- 
nosis as in other conditions. Medical treatment with peni- 
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cillin is probably without danger, but oliguria makes the use 
of sulfa drugs somewhat hazardous. 


In Shigella infections, sulfadiazine is probably more effec- 
tive than the relatively insoluble drugs. In infants, sulfa- 
diazine may be given if it is realized that it will only reduce 
the period during which organisms will be recovered from the 
stools, but will not shorten the period of diarrhea sufficiently 
to permit curtailment of water and electrolyte therapy. Sulfa- 
diazine has not clearly lowered the mortality in Shigella in- 
fections of infants. 


Our data clearly show that nitrogen is readily replaced as 
soon as food is taken. Hence parenteral amino acids are not 
indicated unless an unusually prolonged period of fasting is 
necessary. 


Methemoglobinemia has been observed in diarrhea in adults, 
but has not been considered a part of the picture in babies. 
Comly observed several babies with the presenting symptom 
of cyanosis which he showed was due to methemoglobin. 
Comly and others have shown that this type of methemoglo- 
binemia is associated with administration of milk mixtures 
made up with well water containing high concentrations of 
nitrates. In some cases diarrhea accompanied the cyanosis. 
Ingestion of water with high nitrates produced methemoglobin 
in young babies, but not in adults and children. Large doses 
of bismuth subnitrate have been shown to produce methemo- 
globin. It is likely that young babies get methemoglobin either 
from an unusual tendency to absorb nitrite or from an un- 
usual tendency to reduce nitrates to nitrites. 


In Galveston we observed two babies with the presenting 
symptom of severe diarrhea with dehydration and marked 
acidosis. In addition there was conspicuous cyanosis at a 
time when there was no pulmonary change and the circula- 
tory disturbances were no greater than in many dehydrated 
infants. One of the babies had convulsions presumably de- 
pendent on anoxia. Doctors Ormsby and Pratt identified 
methemoglobin in one of these cases. Methylene blue was 
given to both cases with apparent benefit, but measurements 





a ae. os 


i 

ph 
i 
if 








52 Darrow 


of an immediate change in methemoglobin concentration were 
not made. 

In retrospect I believe I have seen similar cyanosis in a few 
cases of diarrhea shortly before death. Indeed, Marriott de- 
scribed black, thick blood as characteristic of advanced dehy- 
dration and it was blood answering this description that led 
to closer observation of the peculiar cyanosis of these babies. 
One of the babies came from Freeport and may have received 
well water, but the other came from Galveston and received 
water from the city supply. The susceptibility of infants to 
methemoglobin should be explored not only with respect to 
intake of nitrates, but also the changes in intestinal flora, the 
intestinal absorption of nitrites and the possibility of changes 
in other oxidation and reduction systems to which infants’ 
hemoglobin is exposed. I believe more cases of methemoglobi- 
nemia will be found in advanced cases of dehydration, now 
that the electrolyte disturbances can be more successfully 
treated. 

Dr. Pratt observed two deaths from apparent respiratory 
failure in the only fatal cases given the new treatment in 
Galveston and Dallas. The deaths were not accompanied by 
abnormal concentration of calcium or potassium in the serum, 
the diarrhea had stopped and the infants were thought to be 
recovering. We have not previously seen similar deaths in 
diarrhea. We can only speculate that new defects will appear 
as we are more successful in controlling deficits of sodium, 
chloride and potassium. 

I would, therefore, close with the idea that a new era will 
probably be introduced in the study of diarrhea. We want 
to know how dehydration and electrolyte disturbances affect 
the functions of the cells. The explanation of death is prob- 
ably not purely circulatory or due to changes in electrolyte 
concentrations. Within the cells, the complex metabolic process 
cannot be carried on if circulatory or electrolyte changes alter 
the enzyme systems. The production of methemoglobin may 
be due to absorption of nitrites or some oxidative agent; it 
may be the result of disturbances produced within the body 
as a whole. Methemoglobin is an enzyme which can be altered 
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by diarrhea. I believe we should now seek information as to 
the effect of changes in water and electrolyte on cellular 
enzymes. 
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PYRIDINE-PROTEIN SILVER METHOD OF 
DEMONSTRATING NERVE FIBERS*+ 


GLENN A. DraGER 


INTRODUCTION 


The older silver techniques of staining nervous tissue in the 
whole block have been largely replaced in recent years by 
methods of impregnating paraffin sections. Of the latter tech- 
niques, the Bodian method of activated Protargol (Bodian, 
1936 and 1937) is perhaps the most reliable and widely used. 
However, in the routine use of the Bodian method, most 
laboratories have encountered uncontrollable variations in the 
depth of staining tissue elements on the slide other than nerve 
fibers. Often, the affinity of connective and other tissues for 
silver results in a very dark background, giving very little 
contrast between the extraneous tissues and the nerve fibers. 

Originally, the Bodian method was designed for the use of 
the medicinal Protargol prepared by Winthrop Chemical 
Company. Within the past year or two this company has 
modified the composition of Protargol, and their product now 
marketed as Protargol is not suitable for nerve staining. At 
the present, however, the Winthrop Chemical Company is 
also manufacturing a strong protein silver purposely designed 
for tissue staining. 

It was found in this laboratory that the protein silver now 
obtainable necessitated various modifications of the Bodian 
technique, both in the strength of the solutions and also in 
the time of exposing the tissue to the solutions. In addition, 
it was found that the use of pyridine greatly enhanced the 
silver impregnation. Pyridine has long been used for staining 
nervous tissue in the block but is not routinely employed in 
the staining of paraffin sections with silver. 





*From the Department of Anatomy, The University of Texas Medical 
Branch, Galveston. This investigation was supported in part by a grant 
from the Committee on Research in Endocrinology, National Research 
Council. Received for publication November 4, 1946. 

+Thanks are due to Dr. John G. Sinclair for helpful suggestions and 
criticisms and to Mrs. Nellie Dempewolf for technical assistance. 
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The following method was particularly designed for demon- 
strating nerve fibers and terminals in the anterior lobe of the 
hypophysis; however, the technique is equally good for nerve 
fibers in other tissues. 


PROCEDURE 


Only clean glass containers should be used. The extreme 
care of cleaning glassware with cleaning fluid as emphasized 
by Cowdry (1943) was not found to be necessary. Water- 
cleaned glassware gives equally good results. It is important, 
however, that only glass and not metallic containers be used. 
All solutions should be prepared with glass-distilled water; 
however, it is not necessary to wash in glass-distilled water. 
The tissue to be stained should be removed soon after the 
animal is sacrificed. After removal of the desired tissue, it 
is treated in the following manner: 


(1) Fix mammalian and warm blooded tissues for 36 to 
48 hours in a solution containing: 


I III Nostencesessisicssnctecisscerente 90 cc. 
Glacial acetic acid ....................-..-.- 5 ce. 
Neutral formalin (40%) .............. 5 ce. 
REID IIE cinscarisicsntesticnenstieiconss 5 gm. 


For cold-blooded tissue, the above solution saturated 
with picric acid was found to be a good fixative, par- 
ticularly for fish brains. Secondarily, Bouin’s fluid 
gives good results. 

(2) If the chloral-formo-acetic-alcohol fixative is used, 
wash the tissue in many changes of distilled water 
until no odor of acetic acid remains—usually 4 to 6 
hours. 

If picric acid is used, wash the tissue in many changes 
of 50% alcohol. 

(3) Place the tissue in 80% alcohol for 10 hours or longer. 

(4) Place the tissue in pure pyridine for 10 hours or longer. 

(5) Wash the tissue in many changes of distilled water 
until the odor of pyridine cannot be detected. 

(6) Dehydrate in alcohol, clear in cedar oil, embed in 
58°-60° paraffin and section at 10 micra. 

















(7) 


(8) 


(9) 


(10) 


(11) 


(12) 
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Remove the paraffin in xylol and run the slides through 
the alcohols down to water. Place the slides (in glass 
trays containing 10 slides) for 24 hours at 35°C. in 
a solution of 3% strong protein silver (Winthrop 
Chem. Co.) containing about 100 gms. of BB size 
copper shot (Baker Chem. Co.) per 100 cc. of solution. 
This is best achieved by placing the very clean copper 
shot in the staining dish containing glass-distilled 
water (usually about 200 cc.), then place the glass 
tray containing 10 slides in the water, permitting the 
tray to rest on the shot. Lastly, sprinkle the protein 
silver on the surface of the water, allowing it to go 
into solution without stirring. 

Rinse, do not wash, the tray of slides in distilled water. 
Reduce for 10 minutes in a solution of: 


TT ee 2 gm. 
Sodium sulphite ~..................--+-+-+-- 10 gm. 
SI QUOD si biesctinccirecnnencstnieaiiionee 100 cc. 


Wash thoroughly in many changes of distilled water 
and replace for another 24 hours in a bath of protein 
silver and copper as in step 7. 

Reduce and wash thoroughly as in step 8. In steps 
7, 8, 9 and 10, the slides may be handled in glass 
trays containing 10 slides; in the following two steps, 
each slide should be handled individually. 

After step 10, the sections are a deep brown color. 
Place one slide at a time in 1% gold chloride solution 
containing 2 or 3 drops of glacial acetic acid per 100 
cc. Leave the sections in the gold solution just long 
enough to decolorize the section. In other words, just 
long enough to remove all of the brown color. This 
usually requires but a few seconds. The gold solution 
should be aged a week in a clear glass bottle before 
using. For certain tissues, gold chloride without the 
acetic acid is more desirable. 

Dip, do not wash, in distilled water. Change the water 
if color appears. 
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(13) Place each slide in a 1% oxalic acid solution for sev- 
eral seconds or up to a minute. Remove the sections 
as soon as the faintest bluish tinge appears. 

(14) Dip, do not wash, in distilled water. Change the water 
if color appears. 

Dipping, and not washing, in steps 12 and 14 are in 
accordance with Truscott’s findings (1944). 

(15) Place the slide in a solution of 5% sodium thiosulphate 
for 10 or more minutes. If the sections turn to bluish 
purple in this solution, then reduce the time in. the 
oxalic acid. A very faint bluish tinge is desirable. For 
the sodium thiosulphate solution a staining dish ad- 
mitting a glass tray holding 10 slides works nicely. 
Following step 14, the slide may be placed in the 
sodium thiosulphate solution and another slide started 
at step 11. 

(16) Wash thoroughly in running tap water for at least 
10 minutes, dehydrate, clear in xylol and mount in 
Clarite. 


With the exception of the fixative, the first five steps are 
essentially from the Larsell method of staining nervous tissue 
(See Rasmussen, 1938, for a detailed description of Larsell’s 
technique). Steps 7 through 16 are essentially the Bodian 
method (Bodian 1936 and 1937) with the exception of strength 
of solutions and the length of time the tissue remains in each 
solution. 


DiscussIoN AND CONCLUSIONS 


The original use of pyridine in the staining of nerve fibers 
is not exactly known. One of the earliest references of its use 
in microscopic technique is by A. de Souza in 1887. It was 
then used as a reagent to harden, dehydrate and clear at the 
same time. He states that it gave particularly good results 
with brain. Donaggi (1904) used pyridine in a method of 
demonstrating neuro-fibrils. In 1909, Bielschowsky found that 
pyridine insured sharper staining of axis cylinders while 
neuroglia and connective tissue would stain but faintly. This 
property of pyridine was found also in our laboratory. On 
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figure 1, it is evident that non-nervous tissue has very little 
affinity for the silver and gold. In an article describing the 
various silver methods, Cajal (1910) mentions the use of pyri- 
dine and groups it with chloral hydrate, veronal, nicotine, 
ethylamine, antipyrine as “accelerators.” In addition, he states 
that pyridine, ammonia, veronal and chloral hydrate act as 
“rejuvenators,” increasing the susceptibility of silver impreg- 
nation in tissues which had long been fixed in alcohols. Un- 
doubtedly, Cajal had used pyridine for many years previous 
to that publication. In 1911, Ranson modified and combined 
portions of the Bielschowsky and Cajal methods and developed 
the now widely used Ranson pyridine-silver method. Later, 
Larsell, using pyridine and alcohol as “accelerators,” developed 
a method of impregnating nerve fibers and terminals in de- 
calcified tissue. In our experience, the Larsell method is one 
of the most reliable of the whole-block staining procedures and, 
as stated before, the method described in this report is es- 
sentially a. modified combination of the Larsell and Bodian 
techniques. 


Bielschowsky (1909) thought that pyridime acted as a fat 
solvent, thus improving impregnation. Other experiments in- 
volving fat and lipoid extraction seems to support this view 
(Landau, 1924). Since pyridine greatly shrinks the tissue, it 
may be that this substance extracts certain cellular elements 
that result in a firmer fiber membrane which in turn enhances 
silver impregnation. On the other hand, the action of pyridine 
seems to be most effective in the tissue block before the tissue 
is embedded and sectioned. Holmes (1943) could see no im- 
provement in axon impregnation following the treatment of 
paraffin sections with pyridine. This, too, has been our ex- 
perience. 

According to Holmes (1943) the pH of the Bodian Protargol- 
copper -solution changes from 8.2 to 6.6 in 24 hours, yet the 
same concentration of Protargol (1%) without metallic copper 
decreases only to 8.0. Without copper nerve fiber impregna- 
tion is very poor. Obviously, the optimum pH for maximum 
impregnation is below a pH of 8.0; however, the optimum pH 
value changes with the fixative used. 
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Chloral-formo-acetic-alcohol is a relatively acid fixative. The 
treatment of the tissue with pyridine following such fixation 
should decrease the acidity and may act to bring the tissue 
more within the optimum pH range. This is suggested at 
least from the fact that sifver salts are more easily reduced 
in alkaline solution. Probably the prestaining treatment of 
the tissue, proper fixation, pyridine, etc., creates physico- 
chemical conditions which nearly approximate optimum con- 
ditions for silver impregnation. On the other hand, the me- 
tallic copper acts to change the pH of the protein silver bath 
from alkalinity to acidity. At some point within the range 
of this pH change, the tissue is subjected to optimum condi- 
tions for maximum impregnation. 


SUMMARY 


A method is described for demonstrating nerve fibers in 
paraffin sections, using pyridine and protein silver. The dis- 
cussion includes the historical usage of pyridine and its pos- 
sible modes of action in enhancing silver impregnation. 
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PLATE 1 


Explanation of figures 


1. Preparation of the trigeminal ganglion showing cells and nerve fibers. 
Chloro-formo-acetic-alcohol fixation. X215. 

2. Preparation of the anterior lobe of the hypophysis. The arrows indi- 
cate nerve fibers. Chloro-formo-acetic-alcohol fixation. X275. 
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FURTHER OBSERVATIONS ON THE INTESTINAL 
BACTERIA OF GUINEA PIGS FED WITH 
p-AMINOBENZOIC ACID* 


Dorotuy M. WuitTNey 


The main interest in p-aminobenzoic acid (PABA) has 
been focused on its antisulfonamide and growth-promoting 
properties. In addition to these activities detoxicant (Sand- 
ground and Hamilton, 1943) and catalytic properties (Henry, 
1944) have also been attributed to PABA. Lately, the sup- 
pressive action of massive doses of PABA on pathogenic 
rickettsiae has been established but whether the entire com- 
plex of its multiform activities affords an access to the intra- 
cellular rickettsiae or whether the rickettsiostatic property is 
due to one specific function is still obscure. 

Since the rickettsiostatic activity of PABA depends largely 
on its oral administration (Anigstein and Whitney, 1946) it 
was of interest to investigate the response of the intestinal flora 
of the treated host to PABA inasmuch as a synthesis of cer- 
tain substances (folic acid and biotin) by intestinal bacteria 
has been established (Gant et al., 1943). 

In this study special attention was given to gram-negative 
organisms, the marked reduction of which was previously re- 
ported (Whitney and Anigstein, 1946). It may be noted that 
the disappearance of Proteus vulgaris and a proliferation of 
the acid-forming organisms has been observed in rats fed with 
PABA (Martin, 1942). 

In regard to the fecal flora of guinea pigs, Crecelius and 
Rettger (1943) report Lactobacillus as predominating; E. coli 
was either absent or present in very small numbers. Subtilis- 
like organisms were found in abundance while gram-negative 
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non-lactose fermenting organisms appeared in about 50 per 
cent of the total count. The entercocci were few and the 
sporulating anaerobes negligible. 


MATERIAL AND METHODS 


The guinea pigs used in this experiment were obtained from 
various sources in Texas, and were fed routinely on a diet of 
chopped cabbage, oats and carrots. When PABA was added, 
conditions corresponding to the methods and diet used in PABA 
treatment of experimental spotted fever were duplicated. (Anig- 
stein and Bader, 1946; Anigstein and Whitney, 1946). Two 
per cent calcium gluconate and ten per cent soya flour were 
added when indicated. 

It is to be noted that, contrary to the previous work (Whit- 
ney and Anigstein, 1946) in which PABA was given 2 gm. 
per day by force feeding, the test animals in the present work 
were fed ad libitum on the 2 per cent PABA ration (Anigstein 
and Bader, 1946). One group of test animals received 0.1 
per cent PABA to see the effect of low dosage as compared 
with the higher intake. 

Fecal pellets were obtained by collecting specimens dropped 
on clean paper through wire-bottom cages. Ten per cent sus- 
pensions were made in one per cent peptone water and further 
ten-fold serial dilutions were made in peptone water blanks 
(Smith and Robinson, 1945). Transfers from these dilutions 
were made into selected media. 

The following media were used: Lactose broth (Difco): 
One ml. of each serial dilution in peptone water was trans- 
ferred to 5 ml. lactose broth. Total coliform count was recorded 
on the basis of the highest dilution in which gas was produced 
after 48 hours incubation at 37° C. 

Nutrient broth (Difco): The same technique was followed 
in inoculation as used in lactose broth. The total count was 
estimated as the highest dilution in which growth took place 
(Smith and Robinson, 1945). Gram stains were made on each 
culture and the total gram-negative bacilli count estimated as 
the highest dilution in which gram-negative organisms were 
found (Poth and Ross, unpublished data). 
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Desoxycholate agar (Baltimore Biological Laboratories): 
Poured plates from the serial dilutions were made in order 
to isolate predominating lactose fermenting organisms. 

MacConkey and Endo Agar (Difco): Poured plates from 
serial dilutions were made to estimate the total number of 
non-lactose fermenters. 

Sodium azide broth for streptococci: Transfers were made 
from the serial dilutions into 5 ml. sodium azide broth and 
the total streptococci estimated from the highest dilution in 
which they were found (Gram stain). 

Thioglycollate agar (Baltimore Biological Laboratory): Into 
10 ml. of medium, melted and cooled to 45° C., was placed 
1 ml. of each serial dilution. The tubes were then kept at 
80° C. in a water bath for 15 minutes, cooled and then in- 
cubated at 37° C. for 48 hours. The total anaerobic spore count 
was estimated as the highest dilution in which growth took 
place. 

Mueller-Kauffmann medium: 4.5 gm. of sterilized calcium 
carbonate add to 90 ml. sterile nutrient broth. After mixing, 
add 10 ml. 50 per cent sodium thiosulfate, 2 ml. iodine in 
potassium iodide (20 gm. I in 25 per cent aqueous solution KI), 
brilliant green (1-1000) 1 ml., ox-bile 5 ml. This is distributed 
into sterile test tubes. Three tubes of media were inoculated 
with one-tenth ml. each of the 1-10 fecal suspension. These 
were then incubated for 48 hours at 37° C. This medium was 
used especially for the isolation of the Proteus group. 

Kligler iron agar, Simmons citrate agar; M.R.-V.P. broth, 
dextrose, lactose and saccharose broths (All Difco) and 1 per 
cent tryptone broth were used for further identification. The 
“imvec” formula of Parr (1939) was used as a basis for coli- 


form grouping. 

In addition to the study of the gram-negative bacilli, in 
which main interest centered, observations on streptococci, 
and anaerobic spore-bearers were included in order to obtain 
additional information on the action of PABA. 
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RESULTS 


Intestinal bacteria of untreated guinea pigs 


“Total” count: The total number of organisms, estimated 
from the highest tenfold dilution showing growth in nutrient 
broth, displayed variations from day to day ranging from 
10,000 to 100,000,000,000 per gm. feces. Gram-positive bac- 
teria, of several morphological types, consistently predomi- 
nated, outgrowing the gram-negative ones in higher dilutions. 
The “total” gram-negative bacilli, as estimated by Gram stain 
on the serial broth cultures, usually composed less than one per 
cent of the total. 


Lactose fermenting gram-negative bacilli: The lactose fer- 
menting bacilli as estimated from serial dilution in lactose 
broth, ranged from 0 to 100,000 organisms per 100 mg. feces 
representing a span of less than 1 to 10 per cent of the total 
number of organisms. In the experience of Crecelius and 
Rettger (1943) the “total” coliform count of the fecal flora 


of normal guinea pigs varied between 380 and 2,800 per 100 
mg. of feces. 

In the present study, of the total gram-negative bacilli, the 
coliform group composes 50 to 100 per cent. As to further 
analysis, according to the “imvec” formula (Parr, 1939) the 
predominating gas producer was Aerobacter aerogenes, usually 
accompanied by £. coli, and members of the “intermediate” 
coliform group. Organisms of the proteus type were isolated 
only in very few instances. In a number of animals it was 
found that the lactose fermenters seemed to increase following 
the addition of carrots and cabbage to the diet. 


Non-lactose fermenting gram-negative bacilli: The non- 
lactose fermenters were estimated by counting the colonies 
which showed no acid production on Endo or MacConkey agar 
plates. The counts ranging from 1000 to 1,000,000 bacilli 
per gram feces, included members of the coliform group which 
showed a slow reaction on carbohydrates. Consequently, these 
figures are not truly representative of the total non-lactose 
fermenters; however, these counts may furnish additional 
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means of comparison of the treated and untreated groups. As 
to the types of non-lactose fermenters, the predominating or- 
ganism was a bacillus of the alcalignes type. In addition, 
a number of unidentified bacilli were found, some of which 
were glucose fermenters, and some producing yellow, red or 
green pigments. Contrary to Crecelius and Rettger (1943) 
who found 50 per cent gram-negative non-lactose fermenters, 
it was estimated in the present study that the actual non- 
lactose fermenters composed less than one per cent of the total 
gram-negative organisms. 


Anaerobic spore-bearing bacilli: The serial dilutions in 
heated thioglycollate agar revealed that the anaerobic spore 
bearers were usually present in small numbers, ranging from 
100 to 10,000 per gram feces. 


Streptococci: The streptococci group as estimated by serial 
dilution in sodium azide broth and checked by Gram stain, 
were consistently low in number, ranging from 100 to 100,000 
per gram feces. These findings roughly correspond to those 
of Crecelius and Rettger (1943). 


Intestinal bacteria of guinea pigs treated with PABA 


“Total” count: In the analysis of the bacterial counts in 
six guinea pigs following 48 hours treatment with PABA, a 
definite decrease in the “total” count is shown in five of the 
test animals. For example, reductions from 100,000,000 to 
1,000; 10,000,000,000 to 10,000; and 1,000,000,000 to 100,000 
per gram feces are recorded. (See Table I GP 10, 12, 16.) 
Even considering the wide fluctuations in normal animals, the 
low figures in the PABA treated ones are significant. Both 
the gram-positive, and the gram-negative organisms are af- 
fected, and their relative proportion remains approximately 
the same as in the untreated series. 


Lactose-fermenting gram-negative bacilli: Of this series two 
animals (10 and 17, Table I) show a striking reduction in 
this bacterial group, namely from 10,000 to 0, or a 10,000 
fold decrease. One animal (15) shows no reaction, two (12 
and 14) show a 10 fold, and one (16) a 100 fold decrease, 
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thus three of the series (10, 17, 16) show a significant decrease 
in the coliform group. Further analysis of this group reveals 
that the bacterial picture in all six animals of this series had 
changed; while £. coli, which was present in five of the ani- 
mals prior to PABA treatment, was isolated in four of them 
after treatment. A. aerogenes, present in five of the normal 
animals, was isolated in only one instance after PABA treat- 
ment. None of the other coliform bacilli found in the normal 
animals were isolated after PABA feeding. 

Non-lactose fermenting gram-negative bacilli: These or- 
ganisms show a consistent reduction in numbers after treat- 
ment with PABA (see Table I) but, as previously noted, they 
also include the slow carbohydrate fermenters of the coliform 
group. With low figures in the untreated animals the 10 to 
100 fold decrease is accordingly not spectacular. The only 
organism recovered was alcaligines, which appeared in three 
animals of the series. 

Streptococci and anaerobic spore-bearing bacilli: In both 
of these bacterial groups the counts after 48 hours PABA 
treatment are within the limits of normal findings. 

PABA determinations: As observed in Table II the total 
PABA intake of guinea pigs treated for 48 hours ranged from 
1000 mg. to 2000 mg. per animal. PABA determinations were 
made on the same fecal suspensions used for bacterial exami- 
nations. The total PABA levels obtained (Table II) ranged 
from 120 to 250 mg. per gm., with the conjugated levels from 
05 to 95 mg. per gm., and free PABA from 25 to 165 mg. 


TABLE II 
PABA values after 48 hours feeding 2% PABA (mg per gm feces) 














8 ee 10 12 14 15 16 17 
Total PABA Intake mg......... 1800 1200 1600 2000 1600 1000 
PABA LEVELS 
Bais lh Sradcies 25 60 160 160 165 115 
Conjugated............ 95 80 80 90 65 75 





rere eee 120 240 240 250 230 190 
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per gm. feces. As can be seen from Tables I and II, guinea 
pigs 14 and 15 with little response to PABA in bacterial 
counts showed PABA levels approximately the same as guinea 
pigs 10 and 16 showing the most marked response. 


Time factor and response to PABA: Twelve guinea pigs 
were used to test the effect of PABA giver for 6, 8 and 10 
days; furthermore, five days following the last feeding of the 
drug after return to normal diet, bacterial counts were re- 
peated. Although in several instances the results seem to 
indicate a possible change as compared with the untreated 
series, the figures de not deviate from the normal range. 
Moreover, the types of bacteria found during the prolonged 
treatment were similar to those found before PABA feeding. 
In the group of six guinea pigs fed for 8 days, four of them 
showed the presence of Pseudomonas, an organism otherwise 
infrequently found. Contrary to the findings of Martin (1942) 
who noted that the proteus group was inhibited in PABA fed 
rats, proteus was isolated from four of the animals fed for 
8 days. These guinea pigs prior to PABA treatment showed 
no proteus organisms. 

The next problem was to investigate the effect of a pro- 
longed PABA treatment in low dosage to compare with the 
effect of prolonged treatment with the higher dosage. For 
this purpose, three guinea pigs were treated with 0.1 per cent 
PABA and three with 2 per cent PABA for 16 days. PABA 
was then withdrawn, and the animals returned to normal diet 
for 5 days. Bacterial counts and PABA determinations were 
made after 6 and 10 days of PABA treatment and again at 
the end of the five days of normal diet. The bacterial examina- 
tion in the 2 per cent PABA fed series revealed no changes 
as compared with normal animals. The streptococci, in the 
animals on the low concentration (0.1% PABA) diet showed 
an increase from 100x to 10,000x. The PABA determinations 
in the six guinea pigs are tabulated in Table II. Considering 
that the PABA intake in group II was 20 times less than in 
group I, the values of free PABA in the former are accord- 
ingly lower (Table III); however, the values fer the con- 
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jugated form in the lower dosage group are at least as high 
as those of the 2 per cent PABA group. 


TABLE III 
Average PABA values (mg per gm feces) as related to PABA dosage 





PABA DOSAGE _ length PABA values 


























of treatment Free Conjugated Total 

I 6 days 89 30 119 
9 
2 gm 10 
PABA per days 195 24 219 
100 gm food 5 days after 
daily PABA removal 49 7 56 
Il 6 days 8 3 11 
0.1 gm 10 day ‘ ¢ 
PABA per ays 62 60 112 
100 gm food 5 days after 
daily PABA removal 1 17 18 

Discussion 


The inhibitory effect of massive dosage of PABA on the 
growth of most of the intestinal bacteria as shown by their 
decrease after 48 hours of treatment, and the lack of response 
of certain groups, indicate a selective action. However, this 
inhibition is of ephemeral character only, as demonstrated by 
the return to normal levels after 6 to 8 days administration 
of the drug. 

It has been noted that in some animals of the same series, 
the intestinal bacteria showed a lack of response to PABA, the 
total counts and their components remaining within normal 
limits. This phenomenon may be indicative as to individual 
variations in the response to PABA, the reaction of the bac- 
teria being only one indicator. It remains to be seen to what 
extent the lack of response to PABA previously observed in 
certain guinea pigs infected with spotted fever (Anigstein and 
Bader, 1946; Anigstein and Whitney, 1946) is correlated with 
these individual variations. 


The qualitative analysis of the fecal flora, after the 48 hour 
feeding period, revealed that E. coli, or certain strains of E. coli, 
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show marked resistance to PABA, whereas this organism, 
shows a marked sensitivity to sulfonamides (Poth and Ross, 
1943; Gant et al., 1943). There is an accumulating evidence 
that E. coli is the organism responsible for the synthesis in 
the intestines of biotin and folic acid or related growth factors. 
According to Gant et al. (1943), the synthesizing powers of 
E. coli under the influence of sulfonamides may be lost even 
when their normal numbers are repaired. 

As previously noted, PABA when ingested in small quan- 
tities, apparently enhances certain groups of bacteria. This 
would point to a possible stimulating effect of small doses of 
PABA and would be in line with the concept of the growth- 
promoting properties of PABA. The relatively high values 
of PABA in its conjugated form observed in the animals on 
the low concentration diet are of interest and perhaps of 
significance. If the conjugation of PABA be considered as a 
defense mechanism of the animal to transform the drug into 
its inactive form, the possibility of the stimulating effect of 
small doses on the tissue to increase conjugation, might be 
one interpretation of the above phenomenon. 


SUMMARY 


The investigation of the intestinal flora of guinea pigs before 
and after feeding with p-aminobenzoic acid is the purpose of 
this study. 

Fecal pellets of guinea pigs before and after treatment with 
PABA were suspended in 1-10 dilutions of peptone broth and 
serial 10x dilutions were inoculated into various media. Total 
bacterial counts were evaluated on the basis of the highest 
dilutions showing growth in broth. In normal animals, the 
gram-positive bacteria predominated over the gram-negative. 
In the former group, bacilli, streptococci, and sporulating 
anaerobes were found in the order named. Of the gram- 
negative bacilli, Aerobacter aerogenes and Escherichia coli 
dominated the picture. In addition, non-lactose fermenters 
such as alcaligenes, pseudomonas, and proteus were found. 

Guinea pigs treated with 2 per cent PABA in diet for 48 
hours showed a marked decrease in number of gram-positive 
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and gram-negative bacilli. In certain cases, no quantitative 
reduction was noted, but a definite suppressive and apparently 
selective action was observed. The 48 hour treatment with 
PABA resulted in an almost complete inhibition of growth of 
all gram-negative bacilli with the exception of E. coli. 


A prolonged feeding of PABA (6-8-10 days) resulted in 
the return to normal bacterial composition. Small dosage of 
PABA given over 6 days resulted in increased streptococci 
counts. 
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SOME CHARACTERISTICS OF PENICILLIN-RESISTANT 
STAPHYLOCOCCI 


Epwarp H. Frrepen, HELEN R. WHITELEY, AND 
CuesTer N. Frazier 


The experiments described in this report were undertaken 
as part of a study of the mechanism of penicillin action. It 
appeared reasonable to suppose that some light might be shed 
upon this problem by a comparative study of penicillin- 
resistant and penicillin-sensitive organisms. 

The literature dealing with the development and character- 
istics of penicillin resistant micro-organisms has already been 
reviewed (Frazier, 1944; Frieden, 1945). As especially perti- 
nent to the work to be described, brief mention may be made 
of the following reports: 

In 1941, Abraham, et al., found that penicillin-resistant 
staphylococci, obtained after serial passage on penicillin-con- 
taining media, are slower growing than the original culture, 
and that the rates of liquefaction of gelatin and of coagulation 
of milk are depressed. It was demonstrated that the resistance 
to penicillin is not due to the appearance of penicillin-destroy- 
ing substances. The genetic factors underlying the appearance 
of penicillin-resistant strains of staphylococci were carefully 
studied by Demerec (1945). He concluded that the origin of 
resistors is a true mutation, the appearance of the variant 
being independent of contact with penicillin. Although the 
strains studied by Demerec retained their resistance after 20 
serial passages in penicillin-free broth, Todd, Turner, and 
Drew (1945), in a similar study of strains grown in broth 
containing penicillin, found these to be quite labile, noting 
nearly complete reversion after relatively few transfers in 
media free of penicillin. 

The present study includes some of the growth character- 
istics and nutritional requirements of four penicillin-resistant 


*From the Department of Dermatology and Syphilology, The University 
of Texas School of Medicine, Galveston, Texas. Received for publication 
December 21, 1946. 
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strains of Staphylococcus aureus. These data are compared 
with the results of similar experiments using the parent (sen- 
sitive) strains. 


MATERIALS. Nutrient agar: 1.5% bacto-agar, 0.3% beef extract 
(Difco), 0.5% bacto-peptone, and 0.8% NaCl in distilled water. 
Brain-heart agar: 1.5% bacto-agar and 3.7% brain-heart infusion in 
distilled water. 

Brain-heart medium: 3.7% brain-heart infusion in distilled water. 
Proteose-peptone medium: 4% proteose peptone No. 3, 0.5% glucose, 
1% yeast extract, 1% disodium phosphate in distilled water. 

Casein hydrolysate: Pfanstiehl vitamin-free casein was hydrolyzed with 
boiling 6N HCl for 18 hours, the acid was removed by distillation in vacuo, 
and the residue was dissolved in water, decolorized, and neutralized. 
Tryptophane: Pfanstiehl C.P. 1(—) — tryptophane. 

1 (—) —Cystine, thiamin hydrochloride, biotin, riboflavin, pyridoxin hy- 
drochloride, and calcium pantothenate were products of Merck and Co. 
Nicotinic acid: Eastman Kodak Co. 

Inorganic salts: These were either Merck reagent grade, Baker’s analyzed, 
or Mallinkrodt analytical reagent chemicals. 

Penicillin: Various commercial lots of penicillin sodium were used. The 
potency of each product was obtained from the manufacturer and the 
powder was carefully weighed and dissolved in sterile distilled water to 
give solutions containing 1,000 units/ml. The solutions were stored frozen 
in small volumes and used as needed. No variations attributable to dif- 
ferences in origin were noted. 


METHODS. Two penicillin-sensitive strains of S. aureus 
were used as parent strains in these experiments. One was 
the Oxford strain; the other was the F.D.A. standard strain 
No. 209. Both strains grew profusely on nutrient agar in the 
absence of penicillin; nearly complete inhibition of growth 
was observed when penicillin was added at a concentration of 
0.02 units/ml. 

After several trials, the following procedure was adopted 
for the development of penicillin-fast variants. One set of 
nutrient agar plates containing 0.00, 0.02, 0.04, 0.06, and 0.10 
units per ml. of penicillin were flooded with an overnight 
proteose-peptone broth culture of each parent strain.. The 
excess liquid was removed, and the plates incubated for 24-48 
hours. From the highest concentrations of penicillin permitting 
detectable growth, transfers were made to plates of this same 
penicillin content until, on incubation of the latter, profuse 
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growth was readily obtained. Transfers were then made to 
plates’ containing higher penicillin concentrations, and the 
process repeated. This procedure yielded, in time, strains 
which grew moderately well in the presence of 9 units/ml. 
of penicillin, representing a 900-fold increase in resistance. 
Attempts to further increase the resistance using these con- 
ditions were unsuccessful. 

It previously had been observed* that the development of 
resistant staphylococci was apparently facilitated by the use 
of brain-heart agar instead of nutrient agar. To confirm this 
observation, the following experiment was performed: A set 
of plates containing 0.00, 0.02, 0.03, 0.04, and 0.05 units/ml. 
of penicillin in nutrient agar was prepared. Another set, 
similar except that brain-heart agar was used, was also pre- 
pared. Sections of each plate were then uniformly inoculated 
with 0.12 ml. of overnight broth cultures of the two sensitive 
strains. After incubation for 20 hours, the numbers of sur- 
viving colonies were estimated. The results are shown in 


Table I. 
TABLE I 


Development of Resistant Strains of S. aureus in Agar 





Number of Colonies Surviving 
Penicillin Nutrient Agar Brain Heart Agar 
Concentration Oxford F.D.A. Oxford 
(Units/ml.) Strain Strain Strain 





0.00 Profuse Growth Profuse Growth 

0.02 10 2 >100 >25 
0.03 0 > 2% >25 
0.04 0 25 12 
0.05 0 12 2 





In view of the results indicated above, brain-heart agar was 
used as the medium in subsequent experiments. With this 
modification, no difficulty was experienced in obtaining vari- 
ants growing well on plates containing 150 units/ml. of peni- 
cillin. “Although the experiments were terminated at this 
stage, there appeared to be no reason to suppose that the limit 
of resistance had been reached. 


*By Dr. T. Tung in this laboratory. 
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To provide an independent check upon these and subse- 
quent observations, another set of penicillin-fast organisms 
was developed, starting from the same parent cultures. About 
four weeks were required to obtain variants which grew well 
on brain-heart agar at penicillin concentrations in excess of 
150 units/ml. . 

Four resistant strains of Staphylococcus aureus were finally 
available for study. Two of these (which will be referred to 
as A and C) were derived from the Oxford strain of S. aureus, 
while the others (B and D) were variants of S. aureus F.D.A. 
No. 209. 


PENICILLINASE PRODUCTION. It is of obvious impor- 
tance to determine whether or not the resistance of the peni- 
cillin-fast organisms used in this study was due to the pro- 
duction of penicillinase. The method of testing used was 
essentially that described by Gots (1945). Agar plates contain- 
ing concentrations of penicillin just sufficient to inhibit the 
growth of a penicillin-sensitive organism are uniformly inocu- 
lated with the latter, following which the organism to be 
tested is streaked (or spotted) upon the plate. After incuba- 
tion, production of penicillinase is indicated by satellite growth 
of the sensitive form around colonies of the resistant organism. 
Using penicillin concentrations of 0.02-0.10 units/ml., with 
S. aureus Oxford as the indicator organism, no evidence could 
be found for penicillinase production by any of the four or- 
ganisms tested. 


RETENTION OF RESISTANCE UPON SUBCULTURE IN 
PENICILLIN-FREE MEDIA. 


A. In Agar. 

In view of the divergent results of previous work on the 
retention of resistance upon subculture, it was of interest to 
determine the stability of the strains studied. For studies in 
agar, two series of experiments were performed, using, re- 
spectively, nutrient agar, and brain-heart agar plates. From 
cultures of strains A-D grown in the presence of 150 units/ml. 
of penicillin, subcultures were made onto penicillin-free agar. 
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After incubation for 1-2 days, a second transfer to a fresh 
plate was made. The first plates were then stored in the re- 
frigerator, and the second series incubated. The first five and 
the tenth transfer were replated onto brain-heart agar con- 
taining 0, 20, 40, 60, 80, and 100 units per ml. of penicillin, 
in order to determine the sensitivity at these stages. The data 
for the fifth and tenth transfers are shown in Table II: 


TABLE II 


Titrations of Resistant Strain Subcultures 





No. of Nutrient Agar Brain-Heart Agar 
’ Transfers Strain Penicillin, Units/ml. Penicillin, Units/ml. 





20 40 60 80100 0 20 40 60 80 100 
4 « eo 4 4 4 
1 
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(Extent of growth is indicated by the numbers, decreasing in the 
quence 4, 3, 2, 1, —.) 


Table II indicates that five passages on brain-heart agar 
has but little effect on the resistance of all the strains studied. 
Except for strain D, this is also true for subculture on nutrient 
agar. After ten passages on brain-heart agar resistance is sub- 
stantially decreased for all but strain C, whereas, again with 
strain D as an exception, passage on nutrient agar does not 
appear to have as much effect on the resistance to penicillin. 
In general, it would appear that with strains, A, B, and C 
resistance is maintained more readily on nutrient agar as the 
culture medium. This may perhaps be explained by assuming 
that the richer brain-heart substrate facilitates the appearance 
of “reverts” which may then crowd out the others because of 
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their faster growth. A different explanation must, however, 
hold for the data with respect to strain D. 


B. In Liquid Media. 

Brain-heart broth was used, since preliminary experiments 
had indicated that the resistant strains grew more rapidly in 
this than in proteose-peptone medium. Five ml. volumes of 
broth were inoculated with loop scrapings from plates on which 
the resistant strains had been grown. After incubation in the 
water bath for 24 hours, transfers were made to fresh media. 
This was repeated for a total of 6 transfers. The sensitivity 
of the sixth passage was compared with that of a fresh first 
transfer. As before, the sensitivity was determined by titra- 
tion on brain-heart agar. The data are summarized in 


Table III: 
TABLE III 


Retention of Resistance After Subculture in Brain-Heart Broth 
































No. of 
Transfers Strain Penicillin Concentration, Units/ml. 

0 20 40 60 80 
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(The notation is the same as that of Table II) 


With the exception of strain A, resistance is rapidly lost 
upon broth subculture. 

Growth Characteristics. Perhaps the most striking char- 
acteristic of the four penicillin-fast staphylococci studied was 
the marked depression in the rate of growth as compared to 
the parent strains. Thus, in proteose-peptone or brain-heart 
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broth, good growth was obtained only after 2448 hours’ 
incubation. The levels of growth, as determined by photo- 
electric evaluation of turbidities, never reached those attained 
by the parent strains in 12 hours or less under these condi- 
tions. 

In addition to the relative paucity and slowness of growth, 
the resistant variants were also characterized by the fact that 
the results of experiments on growth rates or inhibition curves 
were subject to a considerably larger degree of variation than 
were similar experiments using sensitive strains. This diffi- 
culty could be overcome in part by using scrapings from peni- 
cillin-free slants as inocula; from the data already presented, 
it is apparent that no loss in resistance occurs after a single 
transfer to penicillin-free agar. 

Growth rates and inhibition curves were studied turbidi- 
metrically in liquid media. Three media were used: proteose- 
peptone broth, brain-heart broth, and a complete synthetic 
medium. The latter contained hydrolyzed casein (1.0%), 
glucose (0.5%), cystine (0.011%), tryptophane (0.01%), 
thiamine ‘hydrochloride (1.0y/ml.), nicotinic acid (1.0y/ml.), 
FeSO,.7H,O (0.001%), MgS0O,.7H,O (0.02%), K,HPO, 
(0.2%), and sodium acetate (0.2%) in distilled water. In 
24 hours, both original strains showed fairly abundant growth 
on the synthetic medium. This mixture will also support 
growth of the resistant strains, although the levels reached 
are below those attained by the parent strains. Growth of the 
resistant forms is enhanced by the addition of a mixture of 
biotin (0.02y/ml.), riboflavin (1y/ml.), pyridoxin (1y/ml.), 
and calcium pantothenate (1y/ml.); none of these appear to 
be essential, however, nor does their addition stimulate the 
growth of the resistors to the levels attained by penicillin- 
sensitive forms under like conditions. 

Growth curves for strains A, B, C and D are shown in 
figures 1-3. Except for the very early parts of the curves, 
each point represents the average of duplicate or triplicate 
readings. Attention may be called to three points worthy 


of note: 
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1. The rate of growth in all cases is seen to be relatively 
quite slow. Under similar conditions, the parent strains afford 
nearly maximal growth in about 12 hours in proteose-peptone 
and brain-heart broth. 

2. The most rapid, as well as the most abundant growth 
occurs in-proteose-peptone medium. Both the other media are 
definitely less favorable. 

3. Considerable strain to strain variation is encountered 
in complex media. In the simpler synthetic medium the 
differences, especially in rate of growth, are not as pronounced. 


INHIBITION BY PENICILLIN IN LIQUID MEDIA. Peni- 
cillin inhibition curves are shown in figures 4-6. These curves 
represent duplicate turbidimetric measurements of the growth 
levels attained in 36 hours in media containing 0.00, 0.01, 
0.10, 1.0, 10.0, and 50.0 units per ml. of penicillin. (The 
curve for strain C in brain-heart broth is omitted due to the 
fact that the mucoid-like growth obtained in this series could 
not be uniformly re-suspended. ) 

The data obtained are consistent with the earlier findings 
on growth rates. Again, the least amount of strain variation 
is found in experiments employing synthetic media. All of 
the strains, with C a possible exception, appear to be more 
sensitive to penicillin in proteose-peptone broth. Since this 
substrate also promoted more rapid and abundant growth, it 
seems reasonable to assume that this medium facilitates, in 
some manner, the appearance of penicillin-sensitive revert 
forms which, in the absence of penicillin, may be expected 
to grow more rapidly and more profusely. 

In Figure 4, there are a few points which seem to indicate 
that very low concentrations of penicillin can act as a growth- 
stimulant, rather than as an inhibitor. While these points 
must naturally be viewed with some suspicion, especially in 
light of the admittedly increased experimental error involved, 
it is interesting to note that Miller, Green, and Kitchen (1945) 
found some evidence for stimulation of S. aureus by low con- 
centrations of penicillin. 
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From a consideration of the data presented, it would appear 
that no marked difference exists between the nutritional re- 
quirements of the sensitive and resistant strains studied. It 
seemed desirable, however, to check the effect that various 
components of the synthetic medium might have upon the 
reversion of resistant to sensitive, less fastidious forms. The 
following experiment was therefore performed: 

A total of seven media were used. Medium No. 1 was the 
complete synthetic mixture described earlier. Media 2-6 were, 
respectively, deficient in cystine, tryptophane, thiamine, nico- 
tinic acid, and sodium acetate. Medium No. 7 was proteose- 
peptone broth. Tubes of each medium were inoculated with 
washed saline suspensions of strains A, B, C, and D (from 
first-stage penicillin-free slants). After 48 hours’ incubation, 
the cultures were transferred to fresh tubes of the same 
medium. The resistance of the organisms after the first trans- 
fer was determined by plating out onto brain-heart agar con- 
taining 0, 20, 40, 60, 80, and 100 units of penicillin per ml. 
Finally, the levels of growth attained in the liquid cultures 
were estimated turbidimetrically. This procedure was re- 
peated for a total of four transfers. 

As a control experiment, the same procedure was repeated 
with the parent strains, except that sensitivity titrations were 
made on plates containing 0.00, 0.01, 0.02, 0.03, and 0.05 
-units/ml. of penicillin. 

The data are summarized in Table IV. It should be noted 
that the experiments were subject to some uncertainty; sen- 
sitivity tests were sometimes ambiguous. It is nevertheless 
possible to draw the following conclusions: 

The resistance of all strains was least affected by passage 
through proteose-peptone medium. Only strain D showed any 
appreciable dimunition in resistance after four transfers. Some 
lowering of resistance, again especially pronounced in strain 
D, was apparent in medium 1. Medium 2, deficient in cystine, 
adversely affected the resistance of all but strain C. Strains 
B and D showed marked reduction in resistance after passage 
in media 3 and 4, the other strains showing only a moderate 
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decrease. Like the parent strains, the resistant ones all re- 
quired nicotinic acid. In the absence of acetate, the resistance 
of strain C was apparently unaffected, whereas the others 
were rendered more sensitive. 

An interesting result of the experiment was that continued 
transfer of strains O and F in nearly all media resulted in 
a measureable increase in sensitivity to penicillin. These 
strains ordinarily show moderate growth on plates containing 
0.01 units/ml. of penicillin, but after four liquid media pas- 
sages, the same concentration inhibited nearly all growth. 

From the fact that passage in synthetic and proteose-peptone 
media had approximately similar effects upon retention of 
resistance, it would appear that the complete synthetic me- 
dium satisfies the nutritional needs of resistant staphylococci. 
Strain B seems to be quite sensitive to the withdrawal of 
cystine, tryptophane, thiamine, or acetate. While strain D 
loses resistance rapidly when either cystine, tryptophane, or 
thiamine is withdrawn, the loss in resistance may not be 
attributable to these deficiencies, since a comparable loss 
occurs upon subculture in medium 1. It is, of course, possible 
that some alteration in the requirements for amino acids 
other than cystine and tryptophane has occurred; this change 
would not be detected in these experiments. 


SUMMARY 


A method has been described for the development of strains 
of Staphylococcus aureus resistant to 150 units of penicillin 
per mi., representing a ten thousand-fold increase in_re- 
sistance. A study of four such strains has revealed that the 
resistance is not due to the production of penicillin-destroying 
substances, that the resistance is fairly stable to transfer on 
penicillin-free agar (less stable to transfer in penicillin-free 
broth), and that the resistant varieties are characterized by 
a greatly depressed growth rate. Studies of the nutritional 
requirements of the four strains have failed to demonstrate 
any obvious differences as compared to those of the parent 
(sensitive) strains. 
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Figure 1: Growth rates of penicillin-resistant staphylococci in proteose- 
peptone medium. X—strain A; O—strain B; @—strain C; -O-—strain D. 
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Figure 2: Growth rates of penicillin-resistant staphylococci in brain- 
heart medium. X—strain A; O—strain B; @—strain C; -O-—-strain D. 
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Figure 3: Growth rates of penicillin-resistant staphylococci in synthetic 
medium. X—strain A; O—strain B; @—strain C; -O-—strain D. 
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Figure 4: Growth of penicillin-resistant staphylococci in proteose-pep- 
tone medium containing penicillin. K—strain A; O—strain B; @—strain 
C; -O-—strain D. 
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Figure 5: Growth of penicillin-resistant staphylococci in brain-heart 
broth containing penicillin. X—strain A; O—strain B; -O-—-strain D. 
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Figure 6: Growth of penicillin-resistant staphylococci in synthetic 
medium containing penicillin. K—strain A; OQ—strain B; @—strain C; 
—O-—strain D. 
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OBSERVATIONS ON CELLS FROM ASCITIC FLUID 
CULTURED IN VITRO* 


JAMEs B. Ivers aNp C. M. PoMEratT 


There are, as is commonly known, many pathological con- 
ditions which directly or indirectly give rise to the accumula- 
tion of varying amounts of fluid within the peritoneal cavity. 
The most common causes of this condition can be listed as 
follows: portal cirrhosis, congestive heart failure, renal failure 
with edema, neoplastic peritonitis, acute inflammatory peri- 
tonitis, tuberculous peritonitis, and chronic constrictive peri- 
carditis. It is obvious that the mechanism of production of 
this fluid varies greatly with these conditions, and consequently 
the cellular content of the fluid varies with different causes. 
For instance, ascites occurring with portal cirrhosis is the 
result of a portal hypertension, with consequent transudation 
of fluids into the peritoneal cavity. This is purely a mechanical 
process involving fluid pressures, therefore the cellular content 
of the fluid will be low. However, in neoplastic or inflamma- 
tory peritonitis there is active migration of cells into the peri- 
toneal cavity and the total number of cells will be increased. 
Our interest in these studies lies primarily in the observation 
of cells from ascitic fluid taken from patients having some 
form of neoplastic peritonitis, these cells having been grown 
in tissue culture. 

Familiarity with the cellular content of the peritoneal fluid 
can be readily obtained from the study of experimental exu- 
dates (Wagoner and Custer, 1932). Using such material 
Maximow (1927) provided an excellent description of the 
appearance and behavior of the various common cell types. 
Weitzmann (1938) appears to have given the first report 
of tissue cultures of cells from human peritoneal and pleural 
fluids. He observed rounded clusters of cells from a case of 





*Aided by a grant from J. B. Roerig and Company. Contribution from 
the Tissue Culture Laboratory, Department of Anatomy, and Galveston 
State Psychopathic Hospital, The University of Texas Medical Branch. 
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pleural carcinomatosis and characteristic malignant immature 
lymphocytic elements from the ascitic fluid of a lympho- 
sarcoma. Unfortunately the article has no bibliography. 

Recently Coman (1943) briefly described the growth of 
cells from non-malignant and malignant peritoneal and pleural 
effusions. He gave evidence that free floating neoplastic cells 
remain viable and can multiply following attachment to the 
substrate provided by the culture. This shows that vascular 
and lymphatic dissemination is not obligatory. He suggested 
that colonies of malignant elements might be produced from 
a single cell. 

Ascitic fluid was collected under strict aseptic conditions.* 
Maintaining sterile technique at all times this fluid was placed 
in 250 cc. centrifuge bottles and centrifuged at 1500 r.p.m. 
for 15 minutes. The cells were then collected from the bottom 
of the bottle with long pipettes and placed in a small tube. 
For roller tube culture (c.f. Gey, 1933) they were usually 
resuspended in their own supernatant fluid. For hanging drop 
cultures the cells were suspended in rooster plasma. The roller 
tubes used had a constriction about 3 cm. from the bottom. 
Into the part of the tube limited above by the constriction, 
0.1 cc. of heparinized rooster plasma and 0.1 cc. of cell suspen- 
sion were introduced. This mixture was spread over the walls 
of the tube. Then 0.1 cc. of. extract made from chick embryos 
incubated for 7 days was added and the tubes were rapidly 
rolled to provide even distribution. The embryonic extract 
clots the plasma and fixes the cells in a solid medium. The 
tubes were allowed to stand 1 hour and then a supernatant 
fluid was added and they were placed in a holder which rotated 
each tube ten times per hour. Nutrition is thus provided on 
a simple diffusion basis and effective elimination of waste 
products was provided by changing the supernatant fluid 
every 3-4 days. The supernatant used in these experiments 
consisted of 10 parts ascitic fluid, 10 parts Tyrode and one 
part chick embryonic juice. Ascitic fluid was available in large 





*We are indebted to Dr. A. O. Singleton and Mr. John K. Cox for their 
interest and kind coéperation in this project. 
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quantities and it appeared effective even after storage for 
three months in the ice box. We believe ascitic fluid as a com- 
ponent for nutrient media for tissue cultures is worthy of 
further study. Roller tube cultures, in our hands, have been 
maintained more than 3 months using this method. 

Hanging drop cultures were prepared by placing 1 small 
drop of plasma containing the cells upon a coverslip. To 
this 1 drop of embryonic extract was added and the prepara- 
tion was mixed thoroughly. This was then set up by usual 
hanging drop method, paraffin sealed and placed in an incu- 
bator at 37° C. The cultures survived until the cells ex- 
hausted the nutritional supply. Healthy looking cells have 
been seen for as long as 10 days. In addition to day-to-day 
examination in the living state, usually three cultures were 
picked at random for fixation. The fixative used was Helly- 
Zenker solution. The stain used was Delafield’s haematoxylin 
with a counterstain of Eosin-Azure II. 

It is immediately evident that if we are to study abnormal 
cells occurring within the peritoneal cavity, we must be able 
to recognize the normal cells which can be seen in any form 
of ascites. These cells fall into two groups, blood and tissue 
elements. Whenever any ascites occurs, there will be a vary- 
ing number of leucocytes migrating into the abdominal cavity. 
In many instances this is undoubtedly a passive migration; 
in others it is active. The leucocytes occurring most fre- 
quently will be polymorphonuclear leucocytes, lymphocytes, 
and monocytes. The polymorphonuclear leucocytes are easily 
recognized. The lymphocytes in the early stages are also 
readily identified. However, after 12 to 24 hours of incuba- 
tion in the tissue culture, these cells are in the process of 
transforming into a cell resembling a monocyte and then will 
go on to form a typical exudative polyblast or macrophage. 
The final stage of transformation is a fibroblast. The mono- 
cyte will follow the same course. This transformation has 
been clearly worked out and is described in Downey’s Hand- 
book of Hematology (1938) in a chapter written by Bloom. 

Of the cells classified as tissue elements two types will com- 
monly be seen, tissue macrophages or exudate polyblasts and 














' —~— — ~~ FP 


\w — \w ‘ 


wT Ww 











Cells from Ascitic Fluid Cultured In Vitro 95 


mesothelial cells. Macrophages will assume the polyblastic 
appearance earlier than cells derived from lymphocytes or 
monocytes. Also noted are the mesothelial cells of the peri- 
toneal lining, not to be confused with endothelial cells. Ac- 
cording to Maximow (1927) free rounded mesothelial cells 
do not show phagocytosis, accumulate a very small amount 
of vital dye and never transform into polyblasts. Mesothelial 
cells have a large, folded pale nucleus with large nucleoli 
and fat-like droplets in a basophilic cytoplasm. They are very 
sensitive to mechanical injury. In cultures mesothelial cells 
ultimately transform into typical fibroblasts but their origin 
can be traced through a stage in which they have long, string- 
shaped, branched cell bodies and knot-shaped nuclear swell- 
ings. Exudative polyblasts are of the large round mononuclear 
type with rather prominent dense, wrinkled nuclei and baso- 
philic cytoplasm. There may be one to three nucleoli. These 
cells in tissue culture quickly transform into a spindle-like 
cell that closely resemble young fibroblasts. As these cells 
differentiate in the medium, they tend to assume an em- 
bryonic appearance and it is not uncommon to see multi- 
nucleated cells of this type. The difference between peri- 
toneal polyblasts and desquamated mesothelial cells can be 
seen in a figure on page 67 of Maximow-Bloom’s Textbook 
of Histology (1943). 

It is obvious that when studying cells taken from patients 
with various types of neoplastic peritonitis one will see a great 
multitude of different types which, as yet, cannot be readily 
classified. However, as we shall show, it is often easy to 
demonstrate the presence of cells and cell formations that 
definitely do not resemble in any way the elements seen in 
fluid of non-neoplastic patients. But, as might be expected, 
frequently cells believed to be of neoplastic origin will very 
closely resemble normal ones. This is more evident when 
we recall that a great many of the criteria of malignant cells 
are based upon their embryonic appearance. Therefore, the 
differentiation of a sarcoma cell from a rapidly growing 
normal mesothelial cell is an uncertain procedure. It is even 
more difficult in view of the fact that in many instances these 














——< 





SA i Se Ob heme, lai 





St Mideepiatings 
= 


I eR i RT 








ben 00a ques > eneee <ogelind 





96 Ivers and Pomerat 


cells are set up in tissue culture as a suspension of free ele- 
ments and when examined it is necessary to study the individ- 
ual cell. In the absence of adjacent normal tissue the diffi- 
culties of neoplastic diagnosis are very much increased; in- 
deed, diagnoses on individual cells from ascitic fluid are con- 
sidered unreliable by many pathologists. Criteria useful for 
such studies, however, have been summarized by Lewis (1939). 

As an example of the type of study where it is difficult to 
differentiate normal from abnormal cells, is seen in the case 
of Patient A who had a diagnosis of scirrhous carcinoma of 
the stomach. He accumulated about one liter of ascitic fluid 
per week having a specific gravity of 1.010. It was of a clear 
yellow color and upon centrifugation quite a large amount of 
cellular material was obtained. These cells were set up in 
roller tubes and hanging drop cultures. At the initial stage, 
there was an even suspension of cells (Fig. 1) comprised of 
polymorphonuclear leucocytes, some lymphocytes, and a great 
many large round mononuclear cells (Fig. 2). The mono- 
nuclear cells had large, usually round, but occasionally folded 
nuclei. The nucleoli were very dense and prominent and often 
as many as 2’ or 3 in one nucleus. The chromatin network 
within the nucleoplasm was densely stained. These cells fre- 
quently were binucleate, in which case the nuclei practically 
filled the entire cell. They were presumed to be exudative 
polyblasts and not giant cells. Multinucleated cells containing 
from three to six nuclei were also occasionally noted. Within. 
twenty-four hours differential death of the polymorphonuclear 
leucocytes could be detected, but of more significance was the 
appearance of large fusiform cells (Fig. 3). Equally impor- 
tant was the appearance of definite changes in the polyblasts 
noted at the initial phase. Cytoplasmic thread-like processes 
were seen and many of the cells were becoming pear-shaped. | 
This was interpreted as the beginning transformation stage 
of the polyblasts into fibroblast-like cells. By seventy-two 
hours these spindle cells were present in great numbers and 
dominated the appearance of the cultures (Fig. 4). They were 
of many shapes and forms, some presenting a very bizarre 
appearance. They possessed large nuclei, often with 3 to 4 
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densely staining irregularly shaped nucleoli. The nuclear 
membrane was very distinct and often the nuclei showed an 
indentation on one side. The cytoplasm was moderately dense 
and frequently showed large vacuoles, suggestive of pinocytosis, 
although this was not observed in the living state. The ma- 
jority of these fibroblast-like cells had long thin processes, 
usually two in number and bipolar. Frequently these processes 
formed interlacing networks with other such cells. Less com- 
monly binuclear tadpole-like forms were noted and also cells 
of an angular shape were seen. A great many showed multi- 
nucleation, containing as many as four nuclei. Occasionally 
large giant cells (Fig. 5) containing 10 to 20 densely staining 
nuclei were seen. The peak of growth and cytological differen- 
tiation was reached by 96 hours in the hanging drop cultures. 
By this time very few of the transitional cells were seen and 
it was significant that with the fall in their number the fre- 
quency of the fibroblast-like cell increased (Fig. 6). It was 
also generally evident that after about 100 hours of growth, 
the spindle cells began to enlarge, the processes becoming less 
filamentous and much longer. By approximately 150 hours 
most of the non-spindle elements were dead. This was taken 
as confirmation of Coman’s (1943) statement that the macro- 
phages tend usually to disappear within a week. Since it is 
well established that macrophages transform to fibroblasts, 
we must conclude that at least a part of the spindle cells were 
derived from these elements. By 200 hours the spindle cells 
were definitely larger (Fig. 7) than earlier and often attained 
gigantic sizes, some having nuclei measuring 22 microns along 
the long axis and a total length of one millimeter (Fig. 8). 
At 216 hours a foamy appearance of the cytoplasm was com- 
monly noted, probably due to fatty droplets. The nuclei had 
serrated borders and some pyknosis was seen. The study was 
terminated at this time. 

Even though such a description is likely to give the impres- 
sion that we believe these cells to be malignant, we cannot 
draw that conclusion. While many of the characteristics of 
the cells of Patient A would be compatible with a diagnosis 
of malignancy many of these same features appear in proven 
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non-malignant cells. For instance, the. transformation from 
round cells to spindle cells, multinucleation, vacuolization, 
large multiple nucleoli, and hyperchromaticity appear in nor- 
mal transformed polyblasts. Unfortunately, laparotomy was 
not performed nor was a postmortem examination obtained on 
Patient A. Therefore, it is possible that ascites may have been 
present upon the basis of metastatic lesions in the liver with 
partial portal obstruction, and also that malignant cells may 
not have been present in the peritoneal fluid. Further study of 
ascitic fluid of gastric carcinoma with tissue culture technique 
is highly desirable. It is noteworthy that even when the 
growth was most pronounced mitotic figures were not seen 
which would indicate that the cells were not actually pro- 
liferating. 

A useful check of the conclusion that Patient A did not 
demonstrate a cellular picture pathognomonic for gastric car- 
cinoma was provided by Patient B, diagnosed as cirrhosis of 
the liver with ascites. In this subject the fluid was clear and 
straw colored with a specific gravity of 1.012. Upon centri- 
fugation there were cells present, but not nearly as many as 
obtained from Patient A. These were also set up in roller 
tubers and hanging drop cultures. Initially a suspension 
(Fig. 9) comprised of polymorphonuclear leucocytes in small 
numbers, many lymphocytes and many large round mono- 
nuclear cells was seen. No giant cells or other multinucleated 
types were noted. The large mononuclear elements had the 
appearance of mesothelial cells (Fig. 10). Many polyblast- 
like cells with thready processes were seen which displayed 
active ameboid movements. By 15 hours of growth a few 
fusiform cells were seen and many classical polyblasts (Figs. 





Figures 1-6. Hanging drop cultures of cells from ascitic fluid from 
Patient A. Hematoxylin-Eosin-Azure. 

Figure 1. Initial stage. 100X. Fig. 2. Same as Fig. 1 at 500X. Fig. 3. 
Beginning spindle formation at 24 hours. 500X. Fig. 4. Spindle cells at 
72 hours. 500X. Fig. 5. Multinucleated giants cell at 120 hours. 500X. 
Fig. 6. Spindle cells and disintergrating elements at 120 hours. 100X. 
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11 and 12). Rarely the fusiform cells were binucleate. The 
transitional forms noted in Patient A were also seen. From 
this time on the cultures of Patient B very closely followed 
the general characteristics noted in Patient A. The polyblasts 
tended to disappear between 100 to 150 hours and with in- 
creasing age the spindle cells became much larger, the ma- 
jority of them having the appearance of typical fibroblasts 
(Fig. 13). As was noted in Patient A the only cells left by 
150 hours were the large spindle types. Thus it is evident 
that two cases representing ascites of neoplastic and non- 
neoplastic origin may be extremely similar in tissue culture. 
The only real differences in our study was the presence of 
occasional multinucleated giant cells seen in Patient A and 
not in Patient B; and the greater frequency of multinucleated 
spindle cells in Patient A. 

Since malignant cells are present on the walls of the peri- 
toneum in cases of proven neoplastic peritonitis, such elements 
may be expected in the fluid. The ascitic fluid of Patient C 
which came to us diagnosed as intra- and extracystic papillary 
cystadenoma of the ovary with widespread peritoneal meta- 
stases, provided such a condition. The fluid was dark in color, 
almost brown, with a specific gravity of 1.026. A heavy cellu- 
lar content was obvious grossly as sediment in the bottles 
before centrifugation. The usual cultures were prepared. At 
the initial phase the appearance of the cultures was striking. 
Instead of an even suspension of cells, large and small aggre- 
gations were seen. These had a definite cellular architecture 
and represented the broken ends of papillary structures (Fig. 
14). A definite halo could be. seen around these solid bits of 





Figures 7 and 8. Patient A. Figs. 9-13. Hanging drop cultures of 
cells from ascitic fluid from Patient B. Hematoxylin-Eosin-Azure. 

Figure 7. Large spindle cells at 200 hours. 100X. Fig. 8. Same as 
Fig. 7. 500X. 

Figure 9. Initial stage. 100X. Fig. 10. Same as Fig. 9. 700X. Figs. 
11 and 12. Polyblasts at 15 hours. 700X. Fig. 13. Large spindle cells 
at 190 hours. 100X. 
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tissue suggesting that they contained secreting cells. By 12 
hours the appearance began to change. The solid structure 
began to break down and a cystic formation became evident 
(Figs. 15 and 16). These cysts were unilocular and multi- 
locular. Marked halo formation was evident and the support- 
ing plasma clot lost its typical neutral or slightly basophilic 
property and stained a deep magenta with an eosinazure stain. 
By 60 hours sheet-like outgrowths of epithelial cells from the 
margins of these cysts were commonly seen (Fig. 17). At this 
stage the sheets were usually one cell thick and frequently 
had tongue-like processes. The cystic cavities were now larger 
and contained a very faintly stained homogenous substance 
when treated only with Delafield’s hematoxylin. At 84 hours 
of growth the cultures had reached their peak of differentiation. 
The epithelial sheets were much larger and frequently 3 to 4 
cells thick near the margin of the cyst itself. Mitotic figures 
were not seen. In the process of forming the epithelial sheets, 
the cysts appeared to have flattened out gradually and to have 
contributed to the enlarging migrating mass. Eventually only 
slight evidence remained of the location of the original cyst 
(Figs. 18 and 19). Twenty-four hours later the epithelial 
sheets began to show degeneration and nuclear fragments were 
evident. This degeneration continued until at 180 hours of 
incubation complete disorganization and loss of architecture 
had occurred. 

It is our belief that the events seen in these cultures are 
analogous to the process of implantation upon the walls of 
the peritoneal cavity. At the initial stage only solid bits of 
tissue were seen, but when this tissue was provided with a 





Figures 14-17. Hanging drop cultures of cells from ascitic fluid from 
Patient C. Delafield’s hematoxylin. 

Figure 14. Initial stage, papilliform structures. 290X. Fig. 15. Early 
stage in cyst formation. 280X. Fig. 16. Photograph focused at level of 
equator of cyst. Note opalescence of cyst fluid. 300X. Fig. 17. Epithelial 
sheet formation from base of reorganizing cyst. 290X. 
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foothold, in this case the plasma clot, it immediately began to 
form cysts and to migrate out into the solid medium provided. 


A second case presenting definitely abnormal cell types was 
studied. Patient D had a pathological diagnosis of adeno- 
carcinoma of the ovary with metastasis to the peritoneum and 
to the opposite ovary. The fluid was straw colored with a 
specific gravity of 1.024. The cellular content was not as 
heavy as in Patient C. Cells were set up in roller tubes and 
in hanging drop cultures. Initially free cells were present 
but more prominent were collections in a plaque formation 
(Fig. 20). Again these groups seemed to have a definite 
organization and did not represent merely cellular agglutina- 
tions. This should be contrasted to Patient C who showed 
initially papilliform architectural formations, whereas Pa- 
tient D presented plaques of 3 to 4 cells in thickness. It was 
also noted that many of the cells were damaged at the time 
the cultures were set up. In addition to cell plaques there were 
also small groups of cells with very densely staining nuclei. 
These groups were of importance as will be seen later. In the 
15 hour cultures many free cells were seen, frequently with 
large vacuoles in the cytoplasm suggesting intracellular secre- 
tory activity. An occasional small cystic structure was noted 
comprised of cells similar to the vacuolated cells just men- 
tioned. These cysts were very thin walled and fragile. After 
39 hours of growth, the cystic structures were more common 
and larger than previously seen. Many were multilocular 
with a marked zone of liquefication of the supporting medium 
around the cyst (Fig. 21). A three-dimensional reconstruc- 
tion of a well differentiated multilocular cyst is represented 
in Figure 22. The growth was then progressive until at 110 
hours the cultures seemed to reach their peak of differentiation. 
At this age many cystic structures were present, showing 
marked variation in size. Some were so large and thin walled 





Figures 18 and 19. Hanging drop cultures of Patient C. Delafield’s 
hematoxylin. Showing progressive migration of epithelial sheets and dis- 
organization of cystic architecture. 290X. 
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that they had collapsed upon fixation. The cysts present at this 
age were more numerous than could be accounted for on the 
basis of the number of large plaques seen initially. Therefore 
some must have developed from the small groups of cells 
noted at the outset. Some of the cysts appeared to contain 
no more than 4 to 5 cells and these may have resulted from 
the proliferation of a single cell. Coman (1943) has observed 
with similar technique the development of epithelial colonies 
from one cell. However, it seems curious that .mitoses were 
not found. The cavities of the cysts were perfectly clear. 
Around the cysts the zone of liquefication persisted and fre- 
quently within this liquefied zone round cells were present 
but these were always degenerative. Such elements were not 
present in the early stages and therefore might suggest migra- 
tion of epithelial cells from the cyst margin. Since cells in 
tissue culture will not multiply in a fluid medium the zone 
of liquefication may have been a barrier to migration. Free 
cells were still present in the cultures, many with foamy 
cytoplasm and many of a large signet-ring shape. Again this 
suggests intracellular secretory activity, although halos were 
not present around single cells. After 110 hours the ‘cultures 
began to disintegrate slowly. Occasional cysts were still present 
up to 232 hours but by 280 hours universal disintegration was 
present. 

Observations of living cells in roller tube cultures prepared 
and maintained as described in the first part of this paper 
demonstrated not only that cells from ascitic fluid of our sev- 
eral subjects became easily established in vitro, but that they 
could be maintained for at least three months. Since the 
cellular sediments of our specimens were not adherent in a 
solid clot but were freely distributed it was possible to set 





Figures 20-22. Hanging drop cultures of cells from ascitic fluid from 
Patient D. Hematoxylin-Eosin-Azure. 

Figure 20. Initial plaque formation. 290X. Fig. 21. Early cyst forma- 
tion at 39 hours. Note zone of liquefication around cyst. 290X. Fig. 22. 
Reconstruction of a multilocular cyst at 64 hours (drawn by Miss Eva 
Maria Schubart). 330X. 
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up cultures with known numbers of cells. Figure 23 shows 
the very uniform distribution of spindle-cells which developed 
within 48 hours from round cells obtained from Patient A. 
Long time observation of these cultures, however, did not indi- 
cate active multiplication of cells although they appeared 
perfectly healthy. Further investigation is desirable in order 
to explore this method for quantitative studies. Results from 
Patient B were essentially the same as those obtained for 
Patient A. 

Thin-walled fluid-filled cysts of the type seen in hanging 
drops from Patient C were not found in corresponding roller 
tubes. Dense clusters comparable to growth shown in Figure 
18 were regularly observed (Fig. 24). From such clusters 
epithelial sheets developed with diameters of 5 millimeters. 
Individual cells at the periphery are shown in Figure 29. 
The characteristic appearance of living cells in roller tube 
cultures from Patient D are shown in Figures 25, 26, 27 and 
28. Comparative studies with cells in tissue cultures of other 
abdominal carcinomas have not been made. 

While no systematic study was undertaken regarding the 
viability of peritoneal cells good growth was obtained from 
ascitic fluid of Patient C after storage in the ice box at 5° C. 
for three weeks. 

Cultures of Patients C and D contained definitely abnormal 
cell types and not only did they differ from those of Patients 
A and B but, as is seen in cultures of rat tumors described by 
Warren H. Lewis (1936), cultures of various malignancies 
show special cytological characteristics. Patient D contained 





Figures 23-29. Living cells from ascitic fluid through walls of roller 
tubes. 

Figure 23. Patient A, showing uniform distribution of spindle cells 
after four days in culture. 50X. 

Figure 24. Patient C, showing dense clusters of epithelial cells after 
three weeks of growth. 290X. 

Figure 25-28. Patient D, showing epithelial cell formations seen after 
three weeks of growth. 290X. 

Figure 29. Epithelial cell type seen in Patient C. 435X. 
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(1) clumps and plaques of epithelial cells instead of papilli- 
form structures, (2) stained normally with hematoxylin eosin- 
azure, (3) did not show epithelial sheets migrating from the 
cysts but a marked zone of liquefication, (4) the cyst walls 
seemed thinner and the intracystic contents were clear, whereas 
the intracystic material of Patient C presented a homogenous, 
cloudy appearance. Their striking points of similarity were 
the formation of cysts, evidence of secretory activity, epithe- 
lial character, similar rates of growth and the absence of 
spindle-cells. 

In summary, we should like to compare Patients A and B 
with Patients C and D. The former two show very similar 
cell types, starting with polymorphonuclear leucocytes, lym- 
phocytes, monocytes, polyblasts, and mesothelial cells and end- 
ing with pure cultures of fibroblasts. In contrast, C and D 
resemble each other, starting with formed epithelial tissue 
bits which developed into well formed cysts, suggesting a 
definite tendency to gland formation which is probably cor- 
related with their pathological diagnoses. It was surprising 
that C and D showed no fibroblastic tendencies. It is certain 
that these patients contained free malignant elements in their 
ascitic fluid. 

In conclusion, we would like to point out that this method 
of examination, with adequate study, may become a valuable 
diagnostic aid. It certainly affords a very nice instrument 
for experimental study of neoplastic cells in the living and 


fixed states. 
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THE DIAGNOSIS AND MANAGEMENT OF DIABETIC 
NEUROPATHY* 


RayMOND GREGORY AND E. L. LinpLEy 


Recent experience with a number of pertinent cases has 
convinced us that established knowledge concerning diabetes 
mellitus as a cause of neurological disorders is not sufficiently 
disseminated. This is true not only so far as this information 
serves as a basis for the proper management of diabetics, but 
also because of its importance in the differential diagnosis 
of neurological syndromes. . 

It is the purpose of this paper to review some of the es- 
sential literature and to report illustrative cases. 


. HIsTor1caL 


Various types of neurologic changes have long been recog- 
nized in diabetic patients. French investigators were among 
the first to emphasize these changes. Marchal de Calvi in 
1864 noted sciatic pains and peripheral areas of anesthesia. 
In 1881, Bouchard observed the frequent absence of tendon 
reflexes in this disorder. Althaus in 1885, described the clinical 
symptoms of diabetic neurologic disorders and in certain cases 
noted the similarity to tabes dorsalis. Pavy and Leval-Picque- 
chef made significant contributions in the same year. The 
former noted lightning pains, extreme hyperesthesia of the 
skin and the intensification of the symptoms at night. The 
latter introduced the term “pseudo-tabes.” Leyden proposed 
a classification for diabetic neuropathies in 1887 which indi- 
cated a sound knowledge of the disorder and one which is 
useful today. Buzzard observed degeneration of peripheral 
autonomic nerves; and found that changes in the diet which 
reduced the glycosuria were beneficial. Charcot described 
the steppage gait caused by foot drop, and noted the associated 
vascular lesions in diabetes. 
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The neurologic abnormalities associated with diabetes were 
clearly recognized before the turn of the present century. 
Indeed it is likely there was an exceptional opportunity to 
observe the natural history of the disease, uninfluenced by 
specific therapy, before the advent of insulin. 

Jordan has written a comprehensive critical review with 
extensive literature references covering this subject. He has 
offered a good working classification of diabetic neuropathies. 
He has added many carefully studied and critically analyzed 
case reports to the literature. Rundles has also contributed 
an excellent review of the subject with a searching analysis 
of the literature and the addition of 127 well studied cases of 
his own. Anyone interested in diabetic neuropathy will find 
it essential and most profitable to refer to these excellent 


papers. 
INCIDENCE 


The incidence of neurologic complications of diabetics is 
not well known. There are enough data however to indicate 
that it is frequent. Severinghaus reported diminished activi- 
ties of the reflexes in 57.3% of .75 diabetic patients studied 
for this condition. Jordan noted the incidence of this com- 
plication of the disease in 40% of all diabetic patients as 
judged by sluggishness or absence of tendon reflexes of the 
legs. He observed 25 cases of neuritis in 1000 consecutive 
cases of diabetes observed during the first period of treatment 
of this disease in these thousand patients. Many more of 
these diabetics have no doubt developed the neuropathy after 
the disease had lasted for many years. They were observed 
for a period of only 24% years. Bolduan reported that 2% 
of the population died of diabetes. It can be deduced, there- 
fore, that a large number of people are afflicted with diabetic 
neuropathy. 


AGE AND SEx INCIDENCE 
Rundles found that males constituted 55% and females 
45% of the 125 patients whom he studied. This indicates 


that the male may be slightly more prone to the development 
of diabetic neuropathy than the female because diabetes 
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mellitus is more common in women than in men. It is gen- 
erally recognized that this abnormality is most commonly 
met with in the diabetic of advancing years. Rundles found 
that 92 of 125 patients studied were over 40 years of age. 
This probably is definitely related to the much greater in- 
cidence of diabetes in the age groups following 40. It must 
not be forgotten however that many patients of younger ages 
are affected with this disorder. Rundles emphasizes that 25% 
of his patients were less than 40 years of age and eight of 
his 125 patients were less than 20 years of age. Some of our 
extreme and dramatic cases have been patients less than 25 
years of age who will be discussed in detail later in this paper. 
Rundles further reported that the average patient with diabetic 
neuropathy had diabetes slightly over 5 years before the onset 
of the neuropathy. The range however is from a few months 
to 25-30 years following the onset of the disease. In some 
instances, the neuritic symptoms rather than the classic symp- 
toms of diabetes led the patient to first consult medical atten- 
tion. In all of Rundles’ cases, unequivocal symptoms of dia- 
betes accompanied or preceded the symptoms of peripheral 
nerve disease. He emphasizes that he has not seen a patient 
where the diabetic neuropathy actually occurred before the 
appearance of the diabetes mellitus. 

Rundles has emphasized that the economic -tatus did not 
appear to play a role in the incidence of the complication. 
Fifty-one per cent were welfare type of patients, 34% were 
of average means and 18% were of superior means which 
was the average distribution of patients with diabetes and 
other diseases in the hospital where his observations were 
made. 

Jordan reports 34 patients with the hyperglycemic type of 
neuropathy 23 of whom were women and 11 of whom were 
men. The age at the onset varied from 18 to 70 years with 
an average of 46 years; 9 were less than 40 years of age and 
7 were below 30 years of age. He emphasized the common 
experience that whereas the diabetes was not always severe 
at the time that the symptoms appeared it was always un- 
controlled. This point deserves emphasis. He has reported 
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45 carefully studied cases in the circulatory and degenerative 
types of diabetic neuropathy. Two-thirds of the patients in 
this group were women. The age of the onset of the neuritis 
varied from 40-70 years with an average of 59; the average 
duration of the diabetes before the onset of the meuritis was 
41% years. He has careful observations on 120 of the neuritic 
types of diabetic neuropathy. Of this group 69 or 57.5% 
were female and 51 or 42.5% were male; the age at the onset 
of the neuritis varied from 13 to 76 years with an average 
of 54 years; only 12.5% of the patients were less than 40 
years of age and only 5% were less than 30 years, whereas 
40% of all persons with diabetes have the disease before the 
age of 40. The duration of the diabetes at the onset of the 
neuritic manifestations of diabetic neuropathy varied in Jor- 
dan’s experience. He reports that 4 patients apparently had 
neuritic symptoms before the onset of diabetes. This is not 
in agreement with the observations of Rundles. In 7 others 
there was a simultaneous onset of the two conditions; the 
average duration of the diabetes prior to the onset of the 
neuritic manifestations of neuropathy in his 120 cases was 
5.9 years. And in 28 of these cases diabetes had been present 
for 1 year or less. In 42% of the cases the diabetes was mild, 
in 43% moderate, and in 15.9% severe. 


DistTRIBUTION OF NEUROLOGICAL MANIFESTATIONS 


The portion of the nervous system involved in diabetic 
neuropathy is extremely varied and widespread. Opinions 
vary concerning the involvement of the brain, but it is gen- 
erally held that there may be a characteristic psychiatric 
picture due to brain involvement. This will be discussed 
under Symptoms-Signs. The cord, particularly the posterior 
columns are frequently involved. The autonomic nervous 
system is said to be involved frequently as an explanation 
of gastro-intestinal symptoms, as well as symptoms involving 
bladder control. It is significant that the nerves involving 
the heart have not been described as being affected in diabetic 
neuropathy. Other evidences of autonomic nervous system 
disorders are shown by the occurrence of loss of sexual po- 
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tency in the male. It is the experience of everyone interested 
in this subject, including our own studies and the written 
reports, that the greatest incidence is in the extremities. 
Jordan describes 26 cases of the hyperglycemic type in which 
76.5% of the cases showed involvement only of the legs. In 
the remaining 8 cases or approximately 24%, there was more 
or less generalized involvement either the arms and legs to- 
gether or of the entire body. In the circulatory and degenera- 
tive types he has described in detail 45 cases. In 18 of these, 
or 40%, there was involvement only of the legs; in 6 cases 
the arms and legs alone; 10 of the pupils and legs; and in 
2 of the pupils alone; and in the remaining 9 there was gen- 
eralized involvement. Of the 120 cases of the neuritic type, 
81 cases (66.9%) involved the legs alone; 8 or 6.7% the 
arms alone; in 32 (26.4%) there was general involvement 
and other special sites. 

Rundles review of the literature and his own cases tend 
to agree with those of Jordan. Of 101 patients, 81% showed 
absent reflexes of one sort or another in the lower extremities 
and greatly diminished in another 15 cases, making a total 
of about 96% in whom there were changes in the lower 
extremities. He emphasizes that the most reliable sign of 
diabetic peripheral nerve disease is diminished or absent ten- 
don reflexes. Rundles further reports that there was no sig- 
nificant evidence of clinical nature of primary spinal cord 
disease or involvement of the lateral or anterior funiculi in 
his cases. Although such have been thought to occur in dia- 
betic neuropathy, Rundles thinks that good clinical and patho- 
logic evidence is lacking. It is his belief that the symptoms 
and signs, in general, are those of peripheral nerve involve- 
ment with perhaps secondary degenerations of the fasciculi 
propriae and posterior columns of the spinal cord which in 
severe cases appear to be anatomically inescapable. Secondary 
spinal cord tract disease due to peripheral nerve disease seems 
an unsound concept. 


It may be summarized so far as the distribution and site 
of pathological manifestations are concerned that the ma- 
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jority of patients with diabetic neuropathy show involvement 
in the extremities, particularly in the lower extremities. 


CLASSIFICATION 


The Classification of diabetic neuropathy is extremely diffi- 
cult for a number of reasons. Many of the manifestations 
of this disorder are acute and disappear with improvement 
in the metabolic state, whether it be due to control of the 
diet, or to control of the diet plus insulin. It is obvious that 
this type of case would not lend itself well to histological 
study in view of the fact that they always get well and the 
symptoms disappear. Nothing is known concerning the path- 
ology of the acuter symptoms and signs. Even many of the 
more chronic symptoms and signs disappear with the passing 
of weeks, or months and adequate control of the diabetic 
process. Which means, of course, that these have not been 
subjected to adequate pathologic study. While changes in 
the reflexes are often reversible, many of them are not. But 
even those that are not: have seldom been the subject of ade- 
quate histological examination. One of the few that is availa- 
ble is the study of Woltman and Wilder who have reported 
the importance of the arteriosclerotic changes in the intra- 
neural blood vessels as a cause of at least many of the more 
chronic types of symptoms and signs. Wilder has emphasized, 
on the basis of the studies of Woltman and Wilder, that 
marked degenerative changes in nerves may be present with 
but very few symptoms or signs. It is difficult to consider 
that many of the very acute symptoms and signs of diabetic 
neuropathy which are notable for the rapidity with which 
they improve under adequate management of the diabetic 
process could be due to degenerative lesions of nerves regard- 
less of whether it is on an arteriosclerotic obliteration of the 
intraneural arteries or whether it is on the basis of some other 
degenerative process. In general, one of the features of de- 
generative changes in nerves is the slowness with which they 
recover. Little, therefore, is known about the specific path- 
ology of the process in the nerves or in the nervous system. 
In view of the fact that there is as yet no firmly established 
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knowledge concerning the etiological mechanism involved, it 
is equally difficult to give the classification on the basis of 
etiology or etiologic mechanisms. As has been mentioned 
before, the very old classification of Leyden into the (1) hy- 
peresthetic or neurlagic, (2) motor or paralytic, (3) ataxic 
or pseudotabetic forms with peripheral sensory deficiencies, 
absent tendon reflexes and absent pupillary reflexes indicated 
a sound knowledge of the processes of diabetic neuropathy 
which would do credit to a classification of today. 

Jordan has used and proposed a very workable classification 
as follows: (1) hyperglycemic type, which is comprised of 
cases who show neuritic symptoms, usually without any signs 
other than tenderness of the nerve or muscles affected. They 
are associated with an abnurmally high sugar content of the 
blood and they disappear within a few days after the initia- 
tion of adequate diabetic treatment and do not recur if the 
diabetic regimen is followed. (2) The circulatory type which 
includes those cases which show considerable circulatory de- 
ficiency in the legs and in addition, pain, parestesia or signs 
such as hyporeflexia and hypesthesia. (3) The degenerative 
group which are characterized by rather mild neuritic symp- 
toms and signs which begin insidiously and tend to progress 
slowly over a period of years. This group includes such cases 
as show sluggish pupillary reactions and hyporeflexia. Occa- 
sionally the neuropathy involved structures which, by their 
nature, drew both the patient’s and physician’s attention to 
them as in the cases which involved the bladder. (4) The 
neuritic group which embrace cases in which there are definite 
manifestations of neuritis usually with relatively severe symp- 
toms or signs such as paralysis. The onset is reasonably acute 
and improvement takes place only within weeks or months 
following adequate treatment. Jordan himself believes that 
in reality his groups 2 and 3, namely the circulatory and the 
degenerative types, probably are identical and treats them 


as such. 
Wilder is inclined to accept only 2 real categories, namely, 
the hyperglycemic and the neuritic and thinks that the circu- 
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latory and degenerative group proposed by Jordan in reality 
belongs to the neuritic classification. 

It is unlikely that the high blood sugar itself is responsible 
for the neurologic abnormality. The true etiologic factor has 
probably something to do with the uncontrolled diabetic 
process. And as long as the hyperglycemic classification is 
used to emphasize this point of view, it serves a worthwhile 
purpose, although no one in the field believes that the hyper- 
glycemia per se is the responsible mechanism. 


ETIoLoGy AND PATHOGENESIS 


The etiology of the neurologic changes in diabetes has been 
variously ascribed wholly or partially to the excessive levels 
of sugar in the blood, cachexia, incomplete combustion of 
organic acids, vascular disease, dehydration, an unknown 
toxic substance due to the diabetic condition, acetonuria and 
deficiency diseases. 

The role of diabetes mellitus and its disturbed metabolic 
state has also been proposed, particularly by Jordan, as a sen- 
sitizing mechanism with the precipitating factor served by a 
number of other agents, both toxic and bacterial in nature. 
This is speculative. There is no direct evidence to support 
it. The role of hypercholesteremia which occurs frequently 
in diabetes has also been considered but no evidence again 
has been adduced to support any belief that this may be the 
specific mechanism involved. Widespread arteriosclerosis, in- 
cluding intraneural arteries, has also had many advocates. 
The fact that most patients with diabetic neuropathy are be- 
yond 40 years of age is frequently, though inadequately, cited 
as probable support for the contention that the arteriosclerotic 
process is of great importance. Woltman and Wilder have 
adduced evidence and have been one of the principle pro- 
ponents for the arteriosclerotic factor as an etiologic agent of 
importance. Wilder however is not entirely satisfied with 
the idea that arteriosclerosis is the principal cause of diabetic 
neuropathy. He has emphasized that the extent of the de- 
generation seen in the nerve is by no means proportional to 
the degree of thickening of the walls of the nutrient arteries. 
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And Jordan, Randall and Bloor found occasionally marked 
variation in the lipid content of the nerves which is unex- 
plainable on the basis of other known features of diabetes. 
Wilder further points out that if arteriosclerosis per se were 
the principal cause, why is this type of neuritis with its char- 
acteristic darting pains occurring at night and relieved by 
exercise, not encountered more frequently in nondiabetic pa- 
tients with obliterating arteriosclerosis in which the circula- 
tion is equally or more impaired. 

In discussing the pathogenesis of diabetic neuropathy 
Rundles’ experience confirms in general the literature and the 
experience of those working in this field, namely that this 
complication of diabetes makes its appearance only after 
months or even years of grossly uncontrolled diabetic state. 
Lack of control, is evidenced by duration, severity of the 
known manifestations, of the known elevation of blood sugar 
and urine sugar and the body weight lost, the presence of 
other complications of the diabetic state, etc. He states that 
it has long been known that there is no correlation between 
the severity of diabetes or any one acute complication of 
diabetes such as coma, acidosis, or ketoruria and the incidence 
of diabetic neuropathy. Rundles observed that in 56% of 
his patients, for example, there had never occurred ketonuria 
even at the highest peak of the diabetic process. He further 
points out however that there is a striking correlation be- 
tween diabetic neglect, of a degree permitting the patient 
to survive in his debilitated state of health without succumb- 
ing to the acute complications of diabetes and the ultimate 
development of neuritic complications. Rundles concludes that 
information available justifies the opinion that neither oc- 
clusive vascular disease nor a primary vitamin B deficiency 
plays a definite etiological role. His clinical study allows him 
to further feel that the conclusion is inescapable that diabetic 
neuropathy is not only truly diabetic in etiology but results 
from abnormal metabolism of chronically unregulated diabetes. 

Jordan, Randall and Bloor have studied the phospholipid 
cholesterol and cerebroside content of peripheral nerves in 
patients with diabetes. They have reported that values for 
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these lipoid substances were considerably lower on the average 
than those found in normal nerves used for controls in mon- 
diabetic patients. The greater the vascular disease present 
and the lower the level of the nerve examined, the more 
marked was the chemical changes. The effect of the severity, © 
duration and control as judged by glycemia and glycosuria 
of the diabetes was slight or vitiated by other factors. Occa- 
sionally marked variations occurred unexplainable on the basis 
_ of vascular disease or of the known features of the diabetes. 
The lipoid abnormality appears in the absence of clinical evi- 
dence of neuropathy but the degree of the abnormality in- 
creased as the clinical signs of neuropathy progressed. 

The present concepts of the pathogenesis of diabetes, par- 
ticularly as proposed and supported by the work of Stadie 
who holds that insulin deficiency leads to interference with 
carbohydrate utilization. When the diabetic, by reason of 
insulin lack, cannot utilize carbohydrate in an amount ade- 
quate to satisfy the metabolic needs protein and fat, the latter 
especially, is oxidized to meet energy requirements. A con- 
siderable fraction of the fat undergoes a preliminary oxida- 
tion in the liver, the ketone bodies are then completely oxi- 
dized peripherally. The ketones are not abnormal metabolic 
products accordingly and cannot be considered toxic or harm- 
ful to nervous or other tissues: When metabolism of fat ex- 
ceeds a certain maximum, about 150 gms./day, ketonuria 
appears. This in turn leads to the development of diabetic 
acidosis. The clinical studies and reports of Rundles indicate 
that peripheral merve disease arises when these metabolic 
adjustments, consequent to insulin deprivation fail:to main- 
tain adequate nutrition. Rundles further postulates that in 
considering the metabolic origin of diabetic neuropathy, the 
carbohydrate deprivation may be paramount but the excessive 
oxidation of fat possibly leading to peripheral demyeliniza- 
tion as shown by the work of Jordan, Randall and Bloor as 
well as the protein breakdown which occurs cannot be 
ignored. 

It is long established that normally carbohydrate is the 
principal type of foodstuff utilized in the metabolism of the 
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nerve tissue (Quastel). On the basis of this, Rundles postu- 
lates that it would not be unreasonable to consider as possible 
that any disease interfering with carbohydrate utilization 
might lead to neuropathy. Rundles attempts to.draw the fol- 
lowing analogy between thiamin deficiency, which perhaps 
is the commonest best understood cause of peripheral nerve 
disease and diabetic neuropathy. Thiamin deficiency pro- 
duces a “biochemical lesion” in carbohydrate metabolism 
wherein there is a failure of pyruvic oxidation (Peters), with 
the accumulation of this substance and lactic acid in the tis- 
sues. If abnormal carbohydrate metabolism, leading in effect 
to neurone starvation, proves to be a common denominator 
in different types of peripheral neuropathy, it is likely un- 
important as regards the end result if the defect occurs at 
the 6 carbon stage, as in diabetes mellitus, or at the 3 carbon 
stage, as in thiamin deficiency. 


Roe oF VITAMIN DEFICIENCY 


In view of the frequency with which diabetic neuropathy 
is confused with thiamin deficiency, and with which thiamin 
is used in the management of diabetic neuropathy, a word 
concerning the best opinion on this subject seems advisable. 
Many studies have been made to implicate thiamin deficiency 
as the cause of the neuropathy associated with diabetes. The 
deficiency of the diet has been studied by Jordan and Needles. 
The former investigated the diet in 63 patients with diabetic 
neuropathy and found only one whose diet appeared to have 
been deficient. Needles made a very careful study of the 
antecedent diets of two diabetic patients who developed periph- 
eral nerve disease and found that the thiamin content had 
been more than ample. Faulty absorption and excessive ex- 
cretion of thiamin in the urine has been also implicated as 
a cause of the thiamin deficiency. Robinson, Melnick and 
Field investigated 6 diabetic neuropathies, 4 of whom had 
peripheral nerve disease and all 6 of them were found to 
have normal excretory values of urinary thiamin. Needles 
has also studied thiamin excretion in 6 diabetics with well 
substantiated neuropathy. In five of them he found entirely 
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normal values and in one a value slightly below normal. The 
work of many other confirmatory authors could be quoted to 
support the results mentioned above. 

Another approach has been made to this by a number of 
authors including the giving of thiamin supplements to the 
diet and observing the effects on the neuropathy. Thus 
Needles treated seven patients with severe characteristic dia- 
betic neuropathy over an average period of 514 months with 
daily doses of 10-15 mg or more of thiamin. He concluded 
that thiamin was of no value therapeutically, and in fact 
two patients became progressively worse during its admin- 
istration. Rundles reported that at least six of his patients 
had been given large doses of thiamin orally and parenterally 
for several weeks or even months by their home physicians 
while the diabetes remained uncontrolled. In all cases the 
neuritic disease became progressively worse. In spite of the 
observations cited above that signs of avitaminosis in diabetics 
can be cured by specific vitamin therapy even though the 
diabetes remains uncontrolled, Rundles reports that he has 
never seen clinical improvement in diabetic neuropathy by 
any treatment regimen in the absence of effective diabetic 
control. Rundles gave thirty-two hospitalized patients 10-20 
mg. thiamin orally for 2-3 weeks or longer. They were also 
given 40-50 mg. of brewer’s yeast daily in addition. No 
definite benefit could be ascribed to the vitamin administra- 
tion. The addition of 200-400 mg. of nicotinic acid daily to 
the diet likewise failed to be beneficial. Daily intramuscular 
injections of 20-50 mg. of thiamin hydrochloride up to such 
doses as 1000 mg. in 14 days and 1900 mg. in 25 days, in 
addition to 40-50 mg. of brewer’s yeast daily by mouth, failed 
to modify the neurologic status in several instances, as re- 
ported by Rundles. 

Joslin, Wilder, Levy and White have also found thiamin 
and other vitamin fractions ineffective in the therapy of 
diabetic neuropathy. This has been amply borne out in our 
own experience over a period of a good many years. 

It may be summed up by saying that there is no evidence 
to support any idea that thiamin deficiency is the etiologic 
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factor in diabetic neuropathy and there is no good evidence 
to support the belief that thiamin or any other miember of 
the B fraction is of any value when used therapeutically in 
the treatment of diabetic neuropathy. 


The Role of Insulin 


Everyone interested in diabetes has noted a number of 
cases in whom there is an acute intensification of the neuritic 
disease shortly after control of the diabetes is undertaken. 
This is a poorly understood and disturbing phenomenon en- 
countered in the treatment of diabetic patients with asso- 
ciated neuropathy. The authors have observed a patient who 
was under treatment for diabetic acidosis and who became 
completely paralyzed in all extremities for the first time about 
one week following the institution of therapy. 

Rundles reported that twenty of 125 patients (16%) with 
diabetic neuropathy became much worse some two or more 
weeks after diabetic treatment was started. Caravati has de- 
scribed this phenomenon as “insulin neuritis.” 

Although numerous workers have observed this phenomenon 
after the institution of insulin therapy, it may be stated with 
considerable assurance that insulin is probably not the cause 
in view of the fact that even though these cases do occur fol- 
lowing institution of insulin therapy, they get better with’ 
the continuation of the insulin administration. Rundles has 
emphasized that he sees no reason whatsoever to incriminate 
the use of insulin in the etiology of diabetic neuropathy. With ° 
this viewpoint the authors are in agreement. Jordan states 
that he hesitates to attribute any of these acute intensifica- 
tions of the neuropathic process to insulin administration and 
yet he has no better explanation for the process. 


PATHOLOGY 


The pathological process underlying the acute manifesta- 
tions of diabetic neuropathy, particularly those that clear up 
within a few days to several weeks after the institution of 
adequate therapy, is unknown for the obvious reason that 
there are no autopsy or surgical specimens on this type of 
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individual available for study. The rapidity with which the 
symptoms and signs develop and are relieved by adequate 
treatment naturally suggest the likelihood that they are in 
some way related to functional disturbance of nerves rather 
than any organic changes in the nerve fibers or nerve cells 
themselves. 

We have no pathological studies on the nerves in any of 
our cases. The literature shows that changes have been noted 
in the spinal cord by nine authors (Minor) in the cord and 
nerves by eight (Leichtentritt), in the peripheral nerves by 
eight (Pryce) and in the posterior roots by three (William- 
son).. In Woltman and Wilder’s excellent review of this 
subject they described 42 cases gathered from the literature 
in 24 of which there was degeneration of the peripheral nerves, 
16 showed degeneration of the funiculi, in 8 changes were 
noted in the anterior horns and in 4 there was intramedullary 
degeneration of the posterior roots. Williamson described par- 
enchymatous neuritis with myelin degeneration and changes 
in the axis cylinder in isolated nerve fibers. He also noted 
normal tissue proximal to markedly diseased nerve tissue and 
from this concluded that the changes in the nerve were not 
secondary to the changes in the spinal cord. 

Many authors have commented upon the vascular disease 
of the intraneural arteries. Woltman and Wilder’s studies 
particularly emphasize this. They noticed slight changes in 
the vessels of the cord and marked changes in those of the 
nerves so far as sclerosis of the intraneural vessels were con- 
cerned and concluded that this arteriosclerosis was a very 
important etiological agent. In addition to these changes they 
also found patchy degeneration of nerves of myelin degenera- 
tion, at times infiltration by lymphocytes, polymorphoneu- 
clears. The lesions are more marked in the peripheral than 
in the proximal part of the nerve. Warren studied the patho- 
logical process of many diabetic patients, a large number of 
which were nerve specimens from amputated legs. His find- 
ings showed that the pathological process in the nerves was 
not very conspicuous but the small peripheral branches of 
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the nerves were not studied. Sclerosis of the intraneural 
arterioles and occasionally myelin degeneration were observed. 

As will be noted in the subsequent discussion of symptoms 
and signs of diabetic neuropathy there is much evidence to 
indicate that the autonomic nervous system is involved. But 
a precise study of the exact pathology in the autonomic 
nervous system has apparently not been made insofar as our 
knowledge is concerned. 


SYMPTOMS AND SIGNS 


The symptoms and signs of diabetic neuropathy are ex- 
tremely varied depending upon the portion of the nervous 
system which is involved. They will therefore be discussed 
in terms of regional involvement. 


1. Brain: Psychic symptoms of many different sorts have 
been described in patients with diabetic neuropathy. It is 
difficult to evaluate many of these symptoms because there 
is such a high coincidence of hypertension and arteriosclerosis 


which produce their usual symptoms in the brain. It is also 
difficult to be sure that many of the symptoms attributed 
to diabetic neuropathy in the brain may not be ordinary 
psychoneurotic manifestations of the particular individual 
which might develop from the stress and tension of adapting 
to any chronic disease. 

Many authors describe a peculiar psychic state encountered 
in patients with diabetic neuropathy and emphasize the in- 
ordinate depression and emotional instability that occurs. We 
have seen several of these in our own experience. It is im- 
possible to be sure however that these psychic manifesta- 
tions are not disorders of personality produced by failure to 
adapt to the management of a chronic process rather than to 
the diabetic effect per se on the brain. 


2. Cranial Nerves: Optic neuritis or retrobulbar neuritis 
due to diabetes mellitus has been described by several authors. 
Jordan found two diabetic patients with neuritis of the optic 
nerve with no obvious cause unless it was diabetes. One 
other patient with diabetes developed an optic neuritis fol- 
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lowing removal of the teeth. Jordan also describes the case 
of a thirteen year old boy who had an optic neuritis without 
any apparent cause except diabetes. In both of «these patients 
recovery occurred with no treatment other than the usual 
diabetic regime. 

Many authors have described paresis or paralysis of the 
external ocular muscles. Some of these cases are acute in 
onset and clear up rapidly with proper management of the 
diabetic state very similar to the paralysis of muscles in other 
parts of the body. Root reported five cases of paralysis of 
external ocular muscles in diabetics in three of which cases 
there was evidence of diabetic neuropathy in other parts of 
the body. Jordan reported the case of a 64 year old man with 
diabetes who developed paralysis of both superior rectus 
muscles and the left external rectus muscle acutely. Recovery 
was complete with control of the diabetes. 

Various types of involvement of the auditory nerve at 
facial nerve have also been described by a number of authors. 
Jordan reported the case of one patient who had a temporary 
paralysis of the superior laryngeal nerve which he attributed 
to diabetic neuropathy. 

Abnormal pupillary reactions are extremely common in 
diabetic neuropathy according to many authors. Rundles re- 
ported that 25% of his cases of diabetic neuropathy showed 
abnormal pupillary reactions. The principal findings in his 
cases were a miosis and poor reaction to light with a better 
reaction. to accommodation. Irregular and unequal pupils 
have also been observed. Rundles also reported two cases 
of Argyll Robertson pupil in two patients in whom there 
was no evidence of syphilis. He also observed paradoxical 
pupillary reaction of the pupils to light in one case; and that 
the abnormal reaction to light improved with the treatment 
of diabetes in many instances. Many other authors have re- 
ported abnormal pupillary reactions, including the Argyll 
Robertson type, associated with diabetes mellitus and appar- 
ently not due to any other cause. 


3. Spinal Cord: Many authors have described lesions in 
the posterior column of the spinal cord. In view of this one 
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would expect to find ataxia frequently. This appears gen- 
erally not to be the case. In one series reported by Jordan 
ataxia was ‘found only four times. In each instance there 
were diseases such as syphilis, combined system disease and 
in two there was a history of the consumption of alcohol. 
Rundles interprets the changes in the posterior columns of 
the spinal cord as being secondary to changes in the peripheral 
nerves. With this line of reasoning it might be easy to under- 
stand how there would be secondary degenerative changes 
in the posterior roots and posterior root ganglia, but difficult 
to see how these could secondarily result in changes in the 
posterior column. 


4. Autonomic Nervous System: The symptoms and signs 
resulting from the changes in the autonomic nervous system 
naturally depend upon the organs which are involved. These 
abnormalities will be discussed under (a) Cardiovascular; 
(b) Gastrointestinal; (c) manifestations of autonomic dys- 
function in the periphery. 

(a) Cardiovascular manifestations of autonomic dysfunc- 
tion. Orthostatic hypotension has been recognized for a long 
time to be associated with various disturbances of the function 
of the sympathetic nervous system. This condition has been 
found to be associated with tabes dorsalis, unclassified diseases 
of the central nervous system, and sequelae of encephalitis 
among others. It is therefore not too surprising to find that 
Rundles observed this defective orthostatic regulation of the 
blood pressure in eight patients with diabetic neuropathy. 
Whether this was due to peripheral neuropathy or cord disease 
cannot be determined at this time. In view of the facts that 
are known concerning its cause in other types of neurologic 
disturbances it may be assumed that the defect was most 
likely due to abnormalities of the spinal cord rather than to 
disease of the peripheral nerve. The lack of reflex cardiac 
acceleration which is described as characteristic of orthostatic 
hypotension in general was not observed in the patients studied 
by Rundles. Five of these eight patients had typical symp- 
toms of orthostatic circulatory insufficiency. Three of them 
did not have definite symptoms but had excessive falls in blood 
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pressure with postural change and also exhibited orthostatic 
tachycardia. 


(b) Gastrointestinal Symptoms. Rundles has reported strik- 
ing abnormalities in the form of severe constipation, chronic 
diarrhea, anorexia and nausea which often accompany the 
development of diabetic neuropathy. After he had eliminated 
symptoms due to other possible gastrointestinal diseases - by 
the customary diagnostic methods of X-ray, sigmoidoscopy, 
stool examinations, etc., 76 of 125 patients had such symp- 
toms. He emphasized that constipation developed in 53 of 
these patients with the development of neuritic symptoms. 
In 22 of them the condition was so refractory as to require 
the persistent use of enemas to assure bowel movements 
oftener than every 4-6 days to prevent fecal impaction. He 
noted chronic diarrhea with 4—6 liquid stools not attributable 
to other causes, and one patient died in the hospital of a 
diffuse exsanguinating gastrointestinal hemorrhage one week 
after severe diabetic acidosis was treated. Stool examinations 
in the hospital failed to reveal excess fat, undigested meat 
fibers, ova or parasites. A “diabetic diarrhea” has received 
some attention for many years. Bowen and Aaron associated 
achlorhydria with diarrhea of ten diabetics. Bargen, Bollman 
and Kepler compared the diarrhea of diabetics with the steator- 
rhea of pancreatic insufficiency and found that only the latter 
condition responded to the oral administration of pancreatic 
extracts. Marble also described diarrhea as a grave as well 
as a distressing complication of diabetes and suggested the 
possibility of a neurogenic origin. White noted nocturnal 
diarrhea frequently particularly as an accompaniment of 
neuritis in young diabetics. Rundles reported findings of two 
patients with these symptoms who died and were reported 
pathologically to have degenerative changes in the nerve trunk 
of the esophageal plexus and about the celiac ganglia.* He 
emphasizes that there is no clinical evidence to suggest that 
neuropathy follows diarrhea in sequence, as in some of the 
deficiency diseases, although the presence of diarrhea and 
even more the occasionally associated anorexia and nausea 
makes the diabetic status exceedingly difficult to treat. 
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(c) Peripheral autonomic nerve disease. The involvement 
of autonomic portions of peripheral nerve in different types 
of neuropathy has been recognized by several writers (Gutt- 
man, Wilkins and Kolb, and Shumacker). 

Rundles has given particular attention to this phase of dia- 
betic neuropathy and has uncovered evidences of it in 35 
patients whom he personally studied. After excluding patients 
with cardiac disease, nephritis, low serum proteins, varicose 
veins, etc., he has found 26 patients who had dependent 
edema of the lower extremities appearing during the course 
of the diabetic neuropathy. This type of edema is known 
to occur in many different types of peripheral neuropathy. 
It is presumably due to involvement of the vasomotor nerves 
(Pryce and Buzzard). 

Thirteen patients noted decreased or absent sweating over 
the feet and legs usually in areas of sensory disturbance. 
Rundles reported objective confirmation of this abnormality 
in eleven patients by the use of the starch-iodine sweating 
test. He also reported two patients who had localized areas 
of painful hyperesthesia in which there occurred profuse 
sweating at times when the skin elsewhere was dry. He also 
observed drenching night sweats in six patients who were 
afebrile who were demonstrated to be free of all infections. 
He has suggested that these observations imply impaired 
temperature regulating mechanisms perhaps due to imperfect 
control of the sweat glands and vasomotor adjustment of 
cutaneous blood flow. Rundles also observed four patients 
with chronic neuropathy in whom the skin over the extremi- 
ties became shiny and atrophic; and one patient in whom a 
dry and fissured skin occurred apparently due to decreased 
function of the sebaceous glands. He has also found evidence 
of loss of vasomotor and pilomotor control in a number of his 
patiengs. 

5. Neuropathy Involving Bladder Control: Reports in the 
literature of genito-urinary and sphincter disturbances in dia- 
betic patients with or without other symptoms or signs of 
diabetic neuropathy are numerous. McKittrick and Root re- 
ported three diabetic patients with chronically distended, para- 
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lyzed bladders in whom no generalized or local cause was 
found. Jordan and Crabtree studied seven patients with dis- 
tended bladders and large urinary residuals. At least six of 
these patients showed other neuritic symptoms and evidence 
of organic nerve disease and Jordan and Crabtree attributed 
the bladder paralysis to diabetic neuropathy. Jordan has sub- 
sequently added five additional cases. The experience of 
Jordan would lead one to believe that the prognosis in these 
bladder disturbances is generally poor. Rudy and Muellner 
gave a detailed study of eleven patients having diabetic bladder 
paralyses, in ten of whom there was evidence of neuritic 
disease elsewhere. They performed repeated cystometric exami- 
nations and were able to show gradual improvement during 
the course of treatment. 


Of the 125 diabetic patients with diabetic neuropathy re- 
ported by Rundles, thirty-two (25%) had genito-urinary and 
sphincter disturbances. There was complete lack of sexual 
potency in nineteen patients (27.5% of all males) and this 
preceded any other symptom of peripheral nerve disorder. 
Urinary incontinence was a complaint of ten patients. Five 
of these and two others, also, had fecal incontinence. 


The principal symptoms which Rundles noted were as fol- 
lows: difficulty in urination, hesitancy, a slow, weak stream, 
or acute urinary retention that led to the discovery of an 
atonic type of bladder paralysis in eighteen patients, fifteen 
of whom were males. Thirteen of these had cystometric ex- 
aminations which showed impaired or absent sense of filling, 
very low expulsive force, and an increased bladder capacity. 
The residual urine varied from nothing to over 300 cc. Un- 
inhibited bladder contractions did not occur. Special investi- 
gations including sounding and endoscopy were carried out 
routinely in order that vesical neck and urethral obstructions 
might not be overlooked before concluding that the atonic 
bladder paralysis was neurogenic in origin. Fifteen of the 
eighteen patients with bladder paralysis had impotence or 
defective sphincter control. Two patients with atonic bladders 
had impotence and both urinary and fecal incontinence. Of 
the thirty-two patients with genito-urinary and sphincter dis- 
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turbances, twenty-five (78%) had either severe chronic con- 
stipation developing with the neuropathy (12 cases) or some 
type of chronic diarrhea (13 cases). 

In two of the patients described by Rundles there were 
atonic bladders and exquisite cutaneous hyperesthesia in the 
pudendal area. The bladder paralysis of diabetic neuropathy 
has been classified by Nesbit and Gordon as atonic neurogenic 
paralysis such as occurs in tabes dorsalis, pernicious anemia 
with peripheral nerve and posterior column disease. In the 
diabetics studied by Rundles an impaired or absence of bladder 
filling was the only constant sensory defect found by cysto- 
metric examinations. Whether the bladder syndrome is wholly 
sensory in origin or whether there is decreased motor activity, 
too, is difficult to determine according to Rundles. Loss of 
ejaculation similar to that found following lumbar sym- 
pathectomies was described by Rundles to have occurred in 
a man with diabetes. This patient had recovered eighteen 
years previously from an evidently severe diabetic neuropathy. 
In this patient there was complete absence of ejaculation which 
followed the acute episode although he retained a nearly nor- 
mal capacity to produce an erection. Careful examination 
showed dependent rubor of the feet which subsided with ele- 
vation of the legs, an abnormal orthostatic fall im blood pres- 
sure, and diminished sweating below the knees with absent 
sweating over the hands and feet. Cystometric examination 
showed a bladder capacity of over 650 cc., first desire to void 
at 475 cc., residual urine 150 cc., and sense of filling absent 
but sense of hot and cold present. The residual sympathetic 
nerve degeneration was thought to account for the loss of 
ejaculatory power. There was almost invariable association 
of complete impotence with atonic bladder paralysis in males. 
There was an exception to this in only one case. Rundles 
cites this as evidence that impotence in patients with diabetic 
neuropathy is likely to be a symptom of organic nerve disease. 


6. Neuropathy in the Extremities: By far the greatest 
number of patients suffering from diabetic neuropathy have 
manifestations in the extremities. Even though there are signs 
or symptoms of the abnormality in other portions of the body, 
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they are usually associated with abnormalities in the upper 
or lower extremities. The lower extremity predominates by 
a wide margin. As has been noted elsewhere, Jordan found 
that the legs were involved in 66.9%, arms 6.7%, general 
involvement and other special sites 26.4%. This predominance 
of involvement of the extremities, particularly the legs, has 
been borne out in all reports. 

Rundles reported that muscular cramps and aching were 
frequently early symptoms and muscular weakness, especially 
of the legs, was almost uniformly present. Four of his cases 
manifested an extreme degree of weakness in that they were 
unable to go upstairs at home for weeks except by crawling 
on the hands and knees. In two other patients muscular ex- 
haustion was so great as to enable them to walk only a few 
feet. Severe neuropathy developed acutely in another patient 
one week following diabetic coma and it manifested itself in 
the form of complete flaccid paralysis, bilateral wrist and 
foot drop. .The patient was unable to do anything for herself 
for 3 or 4 months before slow improvement began. Muscle 
tenderness aggravated by use and exertion was present in one- 
third of his cases and often persisted for months even after 
treatment was begun. Other authors, particularly~ Jordan, 
have emphasized that exercise often relieves the various symp- 
toms of muscle cramps and tenderness which have been pre- 
cipitated by rest in bed. Numbness, tingling, and paresthesias 
such as “cold” feelings, aching and burning pains, etc., were 
usually prominent among Rundles’ patients’ complaints. Se- 
vere “shooting pains” in deep and. superficial tissues were 
noted in more than one-fourth of his patients. Cramps, aches, 
and pains were characteristically worse upon exposure to 
cold and at night. The accentuation of the subjective symp- 
toms of the abnormality in the lower extremities at night has 
beer commented upon by most people interested in this field. 
At times the touch of bedclothes is often unbearable. Periph- 
eral areas of anesthesia and unsteadiness of gait were found 
but less commonly. Foot drop was noted by a few ambulatory 
patients and once occurred practically as an isolated symptom 
in a case reported by Rundles. Rundles further reports that 
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distal involvement of the extremities showed the peroneal 
nerve to be more vulnerable than the tibial, and the ulnar 
more vulnerable than the radial or median nerves. Rundles 
also reports that occasionally symptoms occurred predomi- 
nantly in the pudendal, femoral, or intercostal nerve areas, 
or asymmetrically distributed in the extremities. 

The symptoms of diabetic neuropathy were frequently in- 
termittent or recurrent with gradual increase in intensity over 
a long period of time before assuming serious proportions. 
With uncontrolled diabetes the tendency was toward increas- 
ing severity and persistence of symptoms. 

In general diminished or absent tendon reflexes is the com- 
monest neurological abnormality. The Achilles tendon re- 
flexes were found to be absent in 101 (81%) of Rundles’ cases 
and greatly diminished in another fifteen cases. The patellar 
reflexes were absent on one or both sides in seventy cases 
(56%) and greatly diminished in twenty-nine more. Dimin- 
ished or absent biceps and triceps reflexes were found in one- 
third of the cases. In several cases there was complete are- 
flexia. The cutaneous sensibilities were blunted peripherally 
in about half of the patients. In this group areas of hyper- 
esthesid and plantar dysthesia were commonly found, and in 
nine patients areas of complete anesthesia occurred. Pro- 
nounced muscle tenderness was present in 46 cases (36.8%) 
(Rundles). Deep pain sensibility was unusually altered ex- 
cept in patients with excessive muscular tenderness im whom 
increased sensibility was the rule. The vibratory sense at the 
ankles was diminished in 37 patients and absent in 20. In 
seven patients the vibratory sense was lost below the pelvis. 
Complete foot drop was present in tem cases. The plantar 
responses were always in the direction of flexion. Clonus, 
exaggerated tendon reflexes, and spasticity was never en- 
countered. 


7. Miscellaneous Findings: Mild degrees of elevation of 
temperature and mild degrees of elevation of the leukocyte 
count unattributable to any other cause has been reported by 


Jordan. 
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8. Laboratory Findings: Other than the hyperglycemia and 
glycosuria and occasionally the findings of acetonuria, etc., 
which may characterize the diabetic state, there is but one 
laboratory finding which needs emphasis. That is the findings 
in the spinal fluid. The abnormal findings are, in addition 
to the elevation in the glucose content, concerned with the 
changes in the protein content of the spinal fluid. 


Many observers have noted this change in the protein con- 
tent which may be, and usually is, relatively slight but on 
other occasions, it may be marked. Of thirty-nine examina- 
tions of spinal fluids made in thirty-one patients by Rundles, 
ten of the fluids were normal. Thirteen had proteins ranging 
from 48-80 mg. per cent and three patients showed values 
as high as 268, 364, and 426 mg. per cent. 

In view of the muscular weakness and other changes in 
the reflexes and sensory findings, caution must be observed 
in order that diabetic neuropathy not be confused with the 
Gullian-Barré syndrome which also shows changes of neuro- 
logic nature together with an increase in the protein content 
of the spinal fluid. In general, a distinction may be made, 
at least in the acute stages, by the fact that there may be 
' some increase in the cell count in the Gullian-Barré syndrome 
although the increase in the cell content is very dispropor- 
tionately low compared to the increase in the protein content. 


TREATMENT 


The treatment of diabetic neuropathy is in essence a very 
simple matter. It consists in the rigid control of the abnormal 
metabolic process with proper application of dietary and 
insulin management. This must be maintained on a very ade- 
quate level of management for at least weeks, and months in 
many instances, to obtain the relief which these patients can 
be afforded with the proper degree of management of their 
abnormal metabolic state. 

It may be further emphasized that many of the older pa- 
tients, particularly those complicated by hypertensive disease 
may show such abnormally high threshold values for sugar 
that the urine sugar content is a poor criterion for successful 
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therapy. These patients should be managed to the point where 
they have fasting blood sugars ranging from 80-100 mg. per 
cent or very little above these values. 

The prevention of diabetic neuropathy is one of the many 
reasons for acceptance of the desirability of reasonably ade; 
quate control of the diabetic process. It is not merely enough 
to carelessly manage the diabetic only to the point of avoiding 
acidosis. There are sufficient instances in the experiences of 
everyone interested in the treatment of this disease to em- 
phasize that it is the uncontrolled diabetic who develops the 
neuropathy. 

Symptomatic treatment over the weeks or months during 
which rigid control of the diabetic process is required to 
achieve lasting results in the symptoms and signs are of some 
value. These measures include the necessity for considering 
the fact that in many cases, the diabetic neuropathy is an 
exceedingly painful affliction and one which often persists 
over a period of many weeks or months. Symptomatic treat- 
ment is therefore of major importance. The analgesic effects 
of salicylates, the use of cradles to prevent contact with the 
bedclothes, judicious use of warm and cool baths are helpful 
measures at different times. Opiates are sometimes required 
even though at the risk of possible addiction. Severe refractory 
pain in well localized or areas restricted to the territory of a 
single peripheral nerve have been treated in some instances 
by local anesthesia and nerve crushes or nerve sections. At 
times this has been helpful. 


PrRoGNOsIS 


As has often been noted (Buzzard, Jordan, Brain, Joslin, 
Root, White and Marble, Angle, Rudy, and Major), the prog- 
nosis in diabetic neuropathy is usually good. This is par- 
ticularly true in the younger age groups in whom there are 
no complications such as perforating ulcers, neurotrophic joint 
destruction, etc. It is essential however that adequate treat- 
ment be provided reasonably early before permanent nerve 
damage has occurred. Satisfactory diabetic control must be 
maintained over an adequate length of time. The time re- 
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quired for recovery varies according to the severity of the 
neuritic disease. In mild cases a few weeks will be required, 
in moderately severe cases 6-12 months and in severe cases 
1-2 years. Residual neurological signs will often’ persist 
indefinitely. But the symptoms in general will be benefited, 
if not completely relieved, by good management of the dia- 
betes for an adequate period of time. 


CASE REPORTS 


A series of 9 case reports is presented to illustrate the discussion of 
diabetic neuropathy: 


Case No. 1803: A white female, 47 years of age, sought treatment for 
weakness, polydipsia, polyphagia and polyuria, six months duration, and 
numbness, tingling, aching pains and tenderness of legs and feet, three 
months duration. Tenderness was so severe that the patient could not 
tolerate bedsheets. Examination revealed hyperesthesia over lower one- 
third of both legs and both feet. Knee jerks were present with reén- 
forcement. Absent ankle jerks and no Babinski reflexes. Laboratory studies 
confirmed a diagnosis of diabetes mellitus. Diabetes controlled and marked 
relief of neuritic symptoms in four weeks and complete relief in six 
months. 

Case No. 6750 B: A white female, 16 years of age, complained of leg 
cramps and muscle weakness of her legs. Cramps worse at night and re- 
lieved with exercise. Weakness became so marked that at times the patient’s 
knees would completely give out while walking. She thought her leg 
muscles were getting smaller. One month after onset of these symptoms, 
patient noticed polydipsia, polyuria, polyphagia and weight loss. Examina- 
tion showed absent biceps, triceps, knee and ankle jerks. No sensory changes. 
She was unable to rise from either a squatting or sitting position and walked 
with great difficulty due to muscle weakness. 

Laboratory examination revealed a blood sugar of 375 mgms. %, CQ, 
combining power of 20.8 volumes percent, 4+ sugar in the urine and 
acetonuria. 

On diabetic management, the patient made a remarkable recovery 
and in 4 weeks was able to walk as well as she ever could; was able to 
rise from sitting position but required assistance to rise from squatting 
position. At this time the deep reflexes were still absent. 

One month later the patient noticed weakness of her hands and arms. 
Her diabetes was not adequately controlled. With rigid control of her 
diabetes, she regained strength of her hands and arms. Deep reflexes 
were still absent. Examination eight months after her first admission 
showed marked improvement of symptoms. Deep reflexes were still absent 
and there was still muscle atrophy of the legs. 
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Case No. 8737 A: A colored female, 59 years of age, with diabetes of 
two years duration. Complaints of numbness and tingling of hands, feet 
and lower one-third of legs in addition to weakness, weight loss, poly- 
dipsia and polyuria. Patient’s diabetes was not well controlled for the 
past year. Examination showed hypesthesia of hands, feet and lower one- 
third of both legs. Knee and ankle jerks were markedly diminished. On 
diabetic management, the numbness and tingling of extremities dimin- 
ished and in two weeks she was symptom free. ® 


Case No. 76798: A white male, 61 years of age, with essential hyper- 
tension and diabetes mellitus of seven years duration, complained of 
severe pain in right knee, later radiating into right leg, shooting pains 
in left leg, increasing weakness of legs and burning sensations in both 
legs. Weakness was more marked in left leg and gradually increased 
until he was barely able to walk. There was hyperesthesia and tenderness 
of both legs; weakness of both legs, the left more than the right and 
diffuse muscle atrophy of both legs. Knee and ankle jerks were absent. 
There was diminished to absent tactile, pain, thermal and vibratory sen- 
sations over the lateral surfaces of the legs, thighs and around the waist- 
line. He was able to stand alone but could not walk. Voluntary move- 
ment of the left leg and foot was considerably reduced. Under diabetic 
management, his symptoms rapidly improved. in four weeks and he was 
able to take a few steps unassisted. 


Case No. 44556: A 47 year old colored female with generalized 
arteriosclerosis and diabetes mellitus of three years duration was admitted 
for numbness and tingling of hands and feet, feeling of stiffness in chest, 
hands and feet. Onset of the neurological symptoms began two months 
previously and the patient’s diabetes was poorly controlled since diagnosis 
was first made. Examination revealed biceps jerks present, absence of right 
triceps reflex. The knee jerks were hypoactive, the left more than the 
right. Both ankle jerks were absent. Babinski sign was negative. Blood 
serology and spinal fluid examinations were negative. Blood sugar on 
admission was 235 mgm. %. With control of the diabetes, the patient 
gradually showed relief of her neuritic symptoms at the end of three weeks. 


Case No. 6908B: A 64 year old colored female with diabetes mellitus 
of twenty years’ duration and hypertensive heart disease and inability 
to void for past 4 days before admission was admitted for control of 
diabetes. At times she was conscious of her bladder distention and at 
times she was unaware of any bladder distention. No incontinence of 
bowels or bladder. 

Examination showed absence of biceps, triceps, knee and ankle jerks 
and diminution of vibratory and position senses in the legs. Pelvic ex- 
amination showed small fibromyomata uterii which were considered by 
the gynecologist to have no bearing on her inability to void. The bladder 
was distended to the umbilicus and found to contain 950 cc. residual 
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urine. Pupils reacted to light. Urological consultants found no pathology 
of the urinary tract to account for bladder distention. Syphilologist con- 
sultant felt her bladder symptoms were due to diabetes and not to her 
syphilis which was diagnosed at latent syphilis. 

Laboratory studies revealed a fasting blood sugar of 527 mgm. %, a 
CO: combining power of 35.6 vol. per cent, a total 24 hour urine sugar 
of 17 gm., and acetonuria. Blood count revealed 3,960,000 RBC, 11.5 
grams of hemoglobin and 9,750 WBC. Differential count showed 76 
polymorphonuclear cells, 22 lymphocytes and 2 monocytes. Blood Wasser- 
mann was positive. Spinal fluid examination showed a clear fluid, protein 
25 mgm., 1 Imphocyte, negative Wassermann and normal Lange, normal 
pressure and no eviderice of block. 

The patient was placed on a diabetic diet, 212 grams CHO, 90 grams, 
protein and 128 grams of fat, and her diabetes was well controlled with 
30 units of protamine zinc insulin daily at the end of her third week of 
hospitalization. By the end of four weeks the patient was able to void 
small amounts of urine but she still had distention of the bladder. The 
patient was dismissed with diabetes well controlled. 

Nine months later the patient was seen with gangrene of the right foot. 
On admission her blood sugar was 120 mgm. % and the urine was nega- 
tive for sugar and acetone. There, was no bladder distention and the 
patient stated soon after her previous discharge from the hospital, she 
began to urinate by herself and has had no bladder distention or urinary 
difficulty since. 

The biceps, triceps, knee and ankle jerks were still absent. Position 
sense and vibratory sense were present in the arms and left leg and foot. 

The presence of a positive blood Wassermann in this patient gives rise 
to the question of whether her bladder disturbance and reflex changes 
were due to syphilis or diabetes. We have felt the findings were due to 
diabetes for the following reasons: (1) Normal pupil reactions. (2) 
Normal spinal fluid. (3) The return of normal bladder function following 
control of her diabetes. The syphilologist who saw this patient felt no 
anti-luetic therapy was indicated so the patient received no treatment 
for her syphilis. 


Case No. 25841: A 61 year old colored female with hypertensive heart 
disease, and diabetes mellitus of 16 years duration. Twelve years after 
onset of diabetes, the patient complained of weakness of the legs, and 
numbness and tingling of hands and feet. Diabetes poorly controlled 
since onset due to extremely poor coéperation of the patient. The patient 
was admitted in diabetic coma. At this time the patient’s bladder was 
distended and a residual of 700 cc. was found. Two days later bladder 
retention was still noticed and in addition incontinence of the bowels; 
at this time the patient was not in acidosis. Other significant findings 
were absence of vibratory position senses in the feet, numbness and 
tingling in fingers and feet. There was reduction of pain and touch over 
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the toes, feet and lower third of both legs: touch was also diminished 
over the fingers. Marked diminution of the biceps, triceps and radial 
reflexes was noted and the knee and ankle jerks were bilaterally absent. 
Negative Babinski. 

Blood Wassermann negative. Fractional gastric analysis revealed the 
presence of 15°, 37°, 25° free HCl at 45 min., 1 hour and 1 hour and 
30 minutes respectively. Examination of the blood showed a microcytic 
hypochromic anemia. There was little improvement in the patient’s 
neurological condition at the end of 8 weeks of satisfactory diabetic 
management in the hospital. 

Admitted one year later and still had incontinence of bowels and 
bladder and urinary retention. Biceps and triceps jerks diminished and 
knee and ankle jerks bilaterally absent. Absence of touch and pain still 
persisted in the feet and lower 44 of the legs. 


Case No. 5035B: A 28 year old colored male with diabetes mellitus 
of two years duration, very inadequately controlled during this time, 
was admitted for generalized sweating, marked weakness in the legs, 
“grabbing” pains in both legs, chiefly at night. The leg pains began 
at the hips and radiated downward. Weakness increased until on admis- 
sion he was unable to walk or stand. These symptoms were of 7 weeks 
duration. . 

Examination revealed diminished tendon reflexes in the arms and absent 
tendon reflexes in both legs. There was marked weakness of the legs 
bilaterally, especially noticeable in the extensor groups. Hypoesthesia in 
both feet and legs gradually fading upward and laterally. Deep sensa- 
tions were intact. Rhomberg negative. No tenderness along nerves. 

Two days after admission the patient’s weakness showed improve- 
ment and he was able to take a few steps. At the end of 16 days of 
diabetic management the patient’s sensations had returned in the legs 
but were still absent in the feet. 

On discharge, five weeks after admission all subjective symptoms were 
absent and the only signs of neuropathy were absent knee and ankle 
jerks. When seen two years later he was still free of neuritic symptoms 
and all deep reflexes were now present. 


Case No. 4752 C: A 23 year old colored female with diabetes mellitus 
of four years duration was admitted for marked weight loss of forty 
pounds, a persistent diarrhea and an inability to urinate which developed 
before admission but became more so after being in the hospital, so that 
she was unable to empty bladder at all. She experienced a marked de- 
crease in the sense of the filling of the bladder. At times she would notice 
incontinence of the bowls, more so since admission. Bowel incontinence 
chiefly noted at night. She had never been on insulin. 

Examination revealed diminished right biceps reflex, left biceps reflex 
was normal. The right triceps jerk was absent and the left triceps jerk 
was barely perceptible. Knee jerks present with reénforcement. Right 
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ankle jerk was present and the left ankle jerk was absent. The left pupil 
was slightly irregular and larger than the right. Both pupils showed a 
sluggish reaction to light as well as a paradonical reaction to light. Re- 
action to accommodation was normal. 

Blood sugar was 555 mgm. %. Urine showed 4+ Benedict’s reaction 
and no acetone. One stool examination was negative for ova and para- 
sites. Blood examination showed RBC 4,020,000, Hb. 12.6 grams and 
WBC 18,000. Differential count revealed 75 polymorphs, 22 lymphocytes, 
2 monocytes and 1 basophile. 


Seven months later after being on adequate diabetic control, the bladder 
control improved remarkably and she was free of urinary incontinence. 
It was necessary for her to strain to empty the bladder, however. Occa- 
sionally she has had residual urine of 100 cc. Diarrhea had still persisted 
and reflexes were unchanged. Complete studies have revealed diabetes 
mellitus as the only etiology of the patient’s physical findings and 
symptoms. Blood Wassermann has been negative. 
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CULTIVATION OF ENDOMETRIUM JN VITRO— 
A PRELIMINARY NOTE+ 


J. R. VALLE* ANp C. M. Pomerat 


In the course of experiments dealing with the effect of 
hormones on various tissues cultivated in vitro, simple hang- 
ing drop preparations were made of guinea pig endometrium. 
While successful cultures of this tissue have been reported 
by various workers, the simplicity of the method for achieving 
successful outgrowths suggested the advisability of calling 
attention again to this important preparation for assay pur- 
poses. A review of the literature together with a more exten- 
sive study of endometrial tissue in vitro is in progress. 

Adult non-pregnant guinea pigs were given five daily doses 
of 0.5 ml. of a solution of Di-ovocylin (Ciba) containing 50 
rat units per ml. Untreated animals were used as controls. 

Uteri were removed aseptically and transferred to sterile 
petri dishes. The endometrium was stripped from the under- 
lying tissues by means of forceps. It should be noted that 
this procedure is relatively difficult in untreated animals.. 
Endometrial fragments were cut approximately one milli- 
meter square and transferred to a watch glass containing 
Tyrode’s solution until ready for culture. One drop of equal 
parts of chick embryo juice (7-day incubation) and of rabbit 
serum was placed on a cover slip. After transferring one 
endometrial fragment, the mixture was clotted with a drop 
of heparinized rooster plasma. The serum was derived from 
(a) rabbits on the fifteenth day of pregnancy and (b) normal 
male rabbits (controls). ' 

Day-to-day observations were made on living cultures and 
at 96 hours they were fixed one hour in Helly-Zenker’s, 
washed thoroughly and stained overnight in dilute Delafield’s 
hematoxylin. 


+From the Tissue-Culture Laboratory, Department of Anatomy, The 
University of Texas Medical Branch, Galveston. Received January 8, 1947. 
- oe Fellow; Professor of Pharmacology, University of Sao 
aulo. 
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Results were based on the study of four preparations of 
each of four experimental conditions. (1) No estrin treat- 
ment. Serum from male rabbit in the medium. Very few 
spindle cells but generally poor outgrowth. (2) WNo estrin 
treatment. Serum from pregnant rabbit in the medium. 
Spindle fiber outgrowth. One preparation (Fig. 1) showed 
a moderately heavy pattern of interlacing cells suggestive of 
a stromal reaction. (3) Estrin treated animal. Serum from 
male rabbit in the medium. Moderate outgrowth of epithelial 
cells. No spindle fibers present. (4) Estrin treated animal. 
Serum from pregnant rabbit in the medium. Good outgrowth 
of epithelial cells (Fig. 2). Mitotic figures numerous through- 
out the sheet of migrating cells (Fig. 3). 

Uniformly poor outgrowth in another group of cultures 
prepared in the same manner but containing human preg- 
nant and non-pregnant serum suggested the presence of a 
factor inhibitory to guinea pig endometrium in the medium 
used. 

This brief description of a method for the in vitro cultiva- 
tion of endometrium affords an opportunity for endocrin- 
ologists to undertake extensive and systematic study of changes 
produced in the endometrium under controlled conditions 
with various naturally acting hormones. It also provides an 
important possibility for assay purposes. 





Figures 1-3. Guinea pig endometrium cultivated in vitro for 96 hours 
in a medium containing 25% pregnant rabbit serum. Fixed in Helly- 
Zenker’s solution and stained in Delafield’s hematoxylin. 

Figure 1. Spindle cell outgrowth from an endometrial fragment of 
animal not previously treated with estrogen. 80X. 

Figure 2. Epithelial sheet migrating from an endothelial fragment of 
an animal treated with 5 daily doses of 0.5 ml. Di-ovocylin ated con- 
taining 50 r. u. per ml. 80X. 

Figure 3. Same as Fig. 2 but at 500X. 
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CALLING ATTENTION TO: 
Items of Possible Interest to Friends of Our Effort 


WELCoME To 1947 


1. New Booxs: The United States Quarterly Book List (Library of 
Congress, $1.75 per vol. from Supt. Documents, U.S. Gov. Printing Office, 
Washington 25) offers selected pertinent reviews with biographical data. 
Sir Charles Sherrington is keen as ever in The Endeavor of Jean Fernel 
(Macmillan, N.Y., ’46, $3.50). L. I. Dublin and A. J. Lotka revise im- 
portant Money Value of a Man (Ronald Press, N.Y., 205 pp. *46, $6). 
J. Dobson offers useful Anatomical Eponyms (Bailliere, London, ’46, 249 
pp., $7). W. Klyne issues a Practical Chemistry for Medical Students with 
fundamental scientific orientation (Livingstone, Edinburgh, ’46, 474 pp., 
$5). W. S. Craig documents well in Child and Adolscent Life in Health 
and Disease: A Study in (British) Social Pediatrics (Livingstone, Edin- 
burgh, *46, 683 pp., $6). T. Reik presents Ritual Psychoanalytic Studies 
(Farrar Straus, N.Y., 46, $5). J. P. Baxter gives official story of O.S.R.D. 
(in Scientists Against Time (Little Brown, Boston, 488 pp., $5). J. P. 
Greenstein announces important Biochemistry of Cancer (Academic Press, 
N.Y., ’47, $7). G. Pincus edits Recent Progress in Hormone Research 
(Academic Press, N.Y., ’47, 400 pp., $7). J. Barcroft summarizes Re- 
searches on Pre-Natal Life (Blackwell’s, Oxford, 46, $9). R. Crawshay- 
Williams discusses The Comforts of Unreason (Blackwell’s, Oxford, °46, 
$4). H. J. Eysenck describes Dimensions of Personality (Blackwell's, 
Oxford, ’46, $6). Symposium appears on Heredity and Variation in Micro- 
organisms (Cold Spring Harbor Biological Lab., N.Y., 46, 300 pp., $6). 
C. E. K. Mees reveals The Path of Science (Wiley, N.Y., ’46, 240 pp., $3). 
New symposium appears on Dental Caries and Fluorine (A.A.A.S., Wash- 
ington, 119 pp., 46, $3.50). E. T. Engle edits The Problem of Fertility 
(Princeton Press, 46, 320 pp., $3.75). A. Magitot is stimulating ‘in ° 
Physiologie Oculaire Clinique (Masson, Paris, ’46, 750 fr.). 

2. Puarmacotocy: Curare gets well reviewed by E. B. Schlesinger 
(Am. J. Med. 1: 518/46) and by A. E. Bennett (Am. Scientist 34: 424/46). 
J. H. Comroe and Co. find di-isopropyl fluorophosphate (DFP) inferior 
to neostigmine in myasthenia gravis (Am. J. Med. Sci. 212: 641/46). 
C. Heymans and Co. report dibenzyl methylamine is diuretic and central 
stimulant (Arch. Internat. Pharmaco Therap. 72: 233/46). D. I. Macht 
finds thromboplastic effects from digitalis and mercurial diuretics, offering 
possible explanation of sudden deaths in high dosage (Ibid. p. 297). R. M. 
Suarex, A. D. Welch and Co. find conjugated pteroylglutamic (folic) acids 
increase urinary output of folic acid, which is further increased by folic 
acid free liver extract (J. Lab. Clin. Med. 31: 1294/46). R. K. Richards 
and G. M. Everett summarize data on tridione (Ibid. p. 1330). J. Levy 
and Co. study effects of central stimulant and depressant drugs on brain 
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slice respiration (Bull. Soc. Chim. Biol. 28: 328-341/46). E. B. Verney 
discusses absorption and excretion of water in relation to antidiuretic hor- 
mone (Lancet 2: 744, 781, Nov. 23, 30/46). T. S. Gardner finds daily in- 
gestion of yeast nucleic acid prolongs average life span of mice (J. Gerontol. 
1: 445/46), confirming T. B. Robertson (Austral. J. Exp. Biol. Med. 5: 
47/28) .. 

3. CuemorHeraPy: Excellent symposium on background to chemo- 
therapy (Brit. Med. Bull. 4: 241-289/46) with history by E. M. Lourie, 
microbial antagonisms by H. W. Florey, antibacterial action by H. Mc- 
Ilwain, nutrition of bacteria by P. Fildes, microbial resistance by F. R. 
Selbie, chemotherapy of rickettsial and virus diseases by C. H. Andrews 
and H. Kir - local chemotherapy by L. P. Garrod, and principles of ad- 
ministratic:: »y J. H. Gaddum: also review of chemotherapy from Institute 
Pasteur, Paris, by the J. Trefouels, D. Bovet and F. Nitti. R. A. Peters, 
R. H. S. Thompson and L. A. Stocken report on mechanism of arsenic 
toxicity by interference with pyruvate oxidase systems with protection 
by dithiols (Biochem. J. 40: 513-554/46). R. H. Major reviews favorable 
results with nisulfasole in chronic ulcerative colitis (Am. J. Med. 1: 485/46). 
A. M. Fisher describes bacteriocidal penicillin action on bacterial mor- 
phology (J. Bact. 52: 539/46). G. W. Irving and Co. report fungicidal 
action of antibiotic tomatin (Ibid. p. 601). Excellent symposium on anti- 
biotics including microbiological and pharmacological discussion by 20 
contributors (Ann. N.Y. Acad. Sci. 48: 31-218/46). C. Levaditi and Co. 
propose liposoluble combination of 30,000 U. methyl penicillin and 100 
mgms. bismuth octyl ethylmalonate for effective syphilis therapy (Presse 
Med. 57: 781, Nov. 23/46). 

4. FurtHermore: G. M. Lyon discusses atomic energy and future 
health (Milit. Surg. 99: 762/46). L. Nanninga shows fibrinogen with 
molecular weight around 400,000 is no protease (Arch. Neerl. Physiol. 
27: 241/46). R. Jakowicz and L. M. Bryce find cerebro-spinal fluid in- 
hibits Rh agglutinins (Med. J. Austral. 2: 740, Nov. 23/46). H. Henry 
and M. Stacey show gram-positive or dye retaining constituent of cell is 
nucleoprotein (Proc. Roy. Soc. B. 133: 391/46). Our C. R. Allen and 
H. C. Slocum recommend anesthetic control with cyclopropane in Ce- 
sarean section (Texas S. J. Med. 42: 482/46). 


Fesruary, 1947 


1. More Booxs: Interesting biographies include: A Flexner’s Daniel 
Coit Gilman, Creator of the American Type of University (Harcourt, 
Brace, N.Y., ’64, 182 pp., $2), S. Harris’s Banting’s Miracle, the Story of 
the Discoverer of Insulin (Lippincott, Phila., ’46, 265 pp., $3) & J. A. 
Lomax’s Adventures of a Ballad Hunter (Macmillan, N.Y., 47, 309 pp., 
$3.75). Also A. H. Maloney’s Amber Gold (Meador, Boston, 46, 448 pp., 
$2.50). H. Ward edits popular New Worlds in Medicine (McBride, N.Y., 
46, 707 pp., $5). L. Bryson discusses Science and Freedom (Columbia 
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Univ. Press, N.Y., °46, 251 pp., $2.75). G. Lawton offers Aging Success- 
fully (Columbia Press, N.Y., 47, 266 pp., $2.75). C. Gruchy notes Creative 
Old Age (Counseling Center, San Francisco, ’46, 143 pp., $2.75). M. F. A. 
Montagu reports on Adolescent Sterility (C. C. Thomas, Springfield, IIL, 
46, 157 pp., $3.50). M. Luckiesh discusses Applications of Germicidal, 
Erythemal & Infrared Energy (Van Nostrand, N.Y., 46, 470 pp., $5.50). 
F. J. Hodges, I. Lampe & J. F. Holt offer useful Radiology for Medical 
Students (Year Book Publ., Chicago, ’47, 411 pp., $6.75). E. H. Hashinger 
completes Logan Clendening’s posthumous Methods of Diagnosis (Mosby, 
St. Louis, ’47, 1064 pp., $10). J. E. M. Thomson’s Orthopedic Problems . 
appears (Edwards, Ann Arbor, ’47, 234 pp., $6). R. A. Cooke offers 
Allergy (Saunders, Phila., ’47, 572 pp., $8). H. H. Horner surveys Dental 
Education Today (Univ. Chicago Press, ’47, 454 pp., $6). L. Daniels, 
M. Williams, & C. Worthingham describe Muscle Testing (Saunders, 
Phila., 47, 189 pp., $2.50). D. E. Lea notes Actions of Radiation on Living 
Cells (Macmillan, N.Y., ’47, 311 pp., $4). E. D. P. de Robertis, W. W. 
Nowinski & Saez offer excellent Citologia General (El Ateneo, Buenos 
Aires, °46, $4.50). 

2. Cancer: Russian symposium includes L. A: Silber on filtrability of 
tumors; A. D. Timofeyski on tumors in tissue culture; G. Roskin on toxin 
therapy of cancer & toxicity of blood in cancer, & cancerolytic substance 
of Trypanosoma Cruzi, & A. Y. Altgauzen on diagnosis of malignancy 
from fresh smears (Amer. Rev. Soviet Medicine 4: 100-154, ’46). E. V. 
Cowdry proposes financing of cancer research (Science 105: 53 Jan. 17/47). 
A. R. Gopal-Ayenga & E. V. Cowdry report drop in desoxyribose nucleic 
acid in chromosomes after methylcholanthrene with marked rise when 
carcinoma develops (Cancer Res. 7: 1/47). C. Carruthers & V. Zuntzeft 
note increase in activity of succinic dehydrogenase & cytochrome oxidase 
in cancerous tissue (Jbid. 9). See abstracts of ’*46 Gibson Island Confer- 
ence on cancer (Ibid. p. 37). F. R. Miller & Co. note remissions in lym- 
phoblastic leukemia following injections: of crude myelokentric acid from 
urine of chronic myeloid leukemia patients (Blood 2: 15/47). 

3. AceTYLCHOLINE: E. J. Carey & Co. say that motor end plates in 
muscle seem to be biologic jet pumps to discharge acetylcholine into 
muscle myoplasm (Amer. J. Path. 22: 1205/46). C. S. Koschtojanz & 
T. M. Turpajew find -SH necessary for acetylcholine effects on heart 
(Nature 158: 837, Dec. 7/46). B. Minz (Paris) suggests that thiamin in 
cocarboxylase is factor in acetylcholine synthesis (Proc. Soc. Exp. Biol. 
Med. 63: 280/46). J. E. Davis finds that pteroyl glutamic acid increases 
cholinesterase activity of sera (Ibid. p. 287). 

4. Aso: Nobelate H. J. Muller gives Pilgrim Trust Lecture on gene 
(Proc. Roy. Soc. B. 134: 1/47). J. A. Ryle well discusses meaning of 
normal (Lancet 1:1 Jan. 4/47). G. Ekehorn criticises H. W. Smith’s 
renal kinetic theory (Acta Med. Scand. 124: 282, 379; 125: 148/46). 
George Dock reminisces pleasantly on clinical pathology in the eighties 
& nineties (Am. J. Clin. Path. 16: 671/46). M. J. Andre discusses oxygen 
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apnoea as noted by A. Mosso (Arch. Ital. Biol. 41: 138, 157, 1904; Presse 
Med. 60: 815, Dec. 7/46). A. Leya describes marked antianaphylactic 
action of dimethylamino ethyl-benzylaniline HCl (“antergan”) (Compt. 
Rend. Soc. Biol. 140: 191/46). J. H. Lawrence & Co. note convulsive 
narcosis in mice from 60% xenon in oxygen & give oil-water solubilities 
for inert gases (J. Physiol. 105: 197/46). See symposium on thyreotoxicosis 
(Med. J. Austral. 2: 789-809, Dec. 7/46). B. M. Bloomberg reports on 
absorption & excretion of p-amino benzoic acid (S. Afr. J. Med. Sci. 11: 
51/46). E. Boyland notes acute convulsive effects from water reaction 
compounds of nitrogen mustards (Brit. J. Pharmacol. 1: 247/46). F. M. 
Berger & W. Bradley find powerful safe muscle relaxation from dihydroxy 
methyl phenoxy propane (“myanesin”) (Ibid. p. 265). J. C. Trent’s 
interesting biography of yellow fever runs through year’s issues of N. 
Carolina Med. J. (7: 22, etc., 654/46). A. Cournand analyzes dynamics 
of pulmonary circulation (Bull. N.Y. Acad. Med. 23: 27/47). D. E. Lea 
& M. H. Salaman suggest that smaller bacteriophages are macromolecules 
like crystalline plant viruses while larger phages are primitive single 
celled organisms (Proc. Roy. Soc. B. 133: 434/46). H. Fraenkel-Conrat 
& Co. find succinic ester of gramacidin active & nontoxic (Proc. Soc. Exp. 
Biol. Med. 63: 302/46). Our C. M. Pomerat & Co. describe toxicity of 
barbiturates on tissue cultures (/bid. p. 322). 

















